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,  FREFiiCI 


The  principal  work  performed  by  the  U.  S.  Anuy  Bnglnoer  Ru* 
eeareh  and  Development  Laboratories  directly  in  behalf  of  this  study 
vas  in  conjunction  with  consultant  work  tcv  The  Sn^iineer  School  in 
preparation  of  Technical  Manual  fcginee?  Troon  Protective 

Construction.  It  is  anticipated  that  publicatlor  of  the  technical 
manual  will  include  much  of  the  material  In  this  report  and  will 
present  data  for  determination  of  ndiolocical  protection,  as  well 
as  designs  for  utilization  of  existing  strustures,  tunoels,  and 
fortifications.  Some  of  the  work  included  In  this  teohnio'sl 
notably  the  tiatber  structures  and  easqpoaaitts  and  the  sMssive  en¬ 
trance  sections,  are  not  to  be  included  ta  the  technical  manual.  In 
addition,  sosw  of  the  development  and  theory  presented  In  this  re¬ 
port  in  the  eeleetlon  of  the  etruetures  aad  etructurrl  eotsponente  is 
not  to  be  in  the  teclduioal  manual. 

Fersunnel  assisting  in  tha  preparation  of  the  work  tor  the 
technical  smnual  and,  eoneequently,  in  the  development  of  the  system 
ae  presented  in  this  technical  report  were  Captain  Clifford  ■£. 

Flanagan  of  Ihe  Engineer  Sobool  aad  SP/U  Arthur  R.  Stney  of  Special 
Projects  Branch,  'iSAXRDL.  Tha  principal  waapona  taat  date  used  in 
the  theuiemual  or  aivirioal  davelopswnt  of  the  eystt«  were  derived 
from  work  of  the  Baval  Civil  Bnglneorlag  Laboratory,  Port  HuenoM, 
California}  the  Office  of  Civil  and  Defense  Mobilisation,  Battle 
Creak,  Michigan;  the  Air  Force  Special.  Vbapone  Canter,  Sandla  Base, 
Hew  Mexico;  the  Waterways  Ixperlaant  Station,  Tioksburg,  Mississippi; 
and  the  UBAIRDL.  Data  furnished  by  the  Signal  and  Chamleal  Corps,  as 
well  as  the  Corps  of  Begineers,  were  also  used  in  the  selection  of 
utility  oomponente. 

Although  much  of  the  work  presented  here  le  to  appear  in  M  S-311, 
this  report  ia  pUbllabed  to  preeent  exteneioas  of  deei^a  aad  uaee  of 
materials  of  construction  which  were  not  included  la  tb«  icohnloal 
manual. 
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SUMMARY 


Jh&B  report  prenaata  ^  syetem^for  protective  construction  i-j 
use  of  proved  components .  Jhe  report  eove»  ^e  development  of  con¬ 
cepts  of  design,  actual  designs  and  tables  for  materia},  selections, 
and  schemes  for  use  of  proved  utilities  together  wlt^  re<j^ulr^nts 
for  such  utilities  based  on  structure  utilization  *'^ ’The  systra  of 
design  is  based  on  results  of  past  nuclear  weapons  tests,  high  ex¬ 
plosive  tests,  and  nondestructive  test  programs.^ 

The  system' of  design  Is  presented  In  sue^  a  manner  that  a  f^c-ld 
engineer  may  start  with  '^he  requlrestents  placwl  upon  him  for  a  pro¬ 
tective  structure;  examine  tables  of  utilities  based  on  structure 
u*.lllzatlon;  examine  basic  etructures,  as  well  as  structural  com¬ 
ponents,  and  adapt  to  thsee  the  material  and  labor  forces  available 
for  construction.  The  system  Is  designed  to  free  ^e  field  engineer 
from  the  restrictions  Jhluh  wocud  be  la^osed  by  presenting  only 
prototype  structures  and  yet  to  provide  him  with  etruettnrml  designs 
which  :ave  proved  resistant  to  nuclear  blast  effects.  A  wide  variety 
of  yiaterlals  and  shapes  of  structure  la  presented.  Si*  simplest  of 
these  can  be  constructed  with  unsklUsd  labor  under  competent  direc¬ 
tion,  although  more  advanced  ehapes  and  complicated  "form  work"  are 
required  for  eoae  of  the  other  etruoturee. 

The  more  important  reeulte  of  thle  etudy  of  a  eyetem  of  protec¬ 
tive  construction  are  the  presentation  of  structural  shapes  which 
may  be  reedlly  eeeeeAsled  end  easily  traneported  and  yet  fulfill,  to 
the  highest  degree,  the  blast  protection  required;  end  the  assem¬ 
bling  of  the  variety  of  blast  resistant  oonponents  from  the  multi¬ 
tude  of  weapons  test  data  and  rspor^s. 

V  ■  .  •  f  .  -*•*'  r  •  ■  •  '  ‘  ‘ 

Bee  mspsrt' eseitmtss  that;  (a)  Rasul ts  of  nuclsar  waapons  ef- 
fsots  tests  are  of  sufficient  scope  and  quality  that  a  system  of 
field  protective  construction  by  the  use  of  proved  etroetuial  and 
utility  components  Is  feasible;  (b)  the  eyetem  of  deelgn  by  proved 
ecaiponents  presented  here  allows*  a  field  engineer  act  trained  In 
nuclear  weapons  effects  to  apply  the  results  of  nuclear  testa  to 
satisfy  the  requirement's  placed  upon  him  for  protective  structures; 
end  (o)  protective  etructures  may  be  desljpsd  as  an  asse^ly  of  In¬ 
dependent  components  reacting  to  blast  or  shock  in  .nuch  a 

manner  that  the  reaction  of  one  does  not  weaken  the  resistance  of 
another. ^ 
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F^UTECTIVa;  C0H8ii<UCTl0N  BY  PROVED  COMPONENTS 


I.  IinSODUCTION 

1.  Objectives .  The  objectives  of  this  study  vers: 

a.  To  provide  the  field  engineer  with  a  syetem  of  con¬ 
struction  or  prototype  structures  which  would  have  j^roved  blast 
resistance  rs  determined  from  nuclear  weapons  effects  testing. 

b.  To  consolidate  and  evaluate  the  test  results  of  pas'c 
test  programs  or  the  incidental  results  of  such  testing.  Further¬ 
more «  the  purpose  was  tc  present  suon  data  in  a  readily  usable  form 
»  that  the  proved  results  could  be  applied  by  the  field  military 
engineer. 

e.  To  extrapolate  past  nuclear  test  results  to  allow 
field  protective  construction  in  which  a  variety  of  available  mate¬ 
rials  or  prefabricated  shapes  md  a  range  of  structure  types  is  used. 

2.  Background.  Test  programs  Inoidental  to  weapons  develop¬ 
ment  and  weapons  effects  tests  were  oondueted  until  19^.  During 
tnls  period,  a  great  number  of  prototype  structures  and  some  "pure" 
structural  snapes  were  tested.  Boms  of  these  test  progrems  were  on 
elaborete  prototypa  etructuras  in  which  some  positive  and  soma  naga- 
tive  results  were  obtained  on  various  facets  or  ooaponents.  Zn  the 
past,  these  test  results  have  been  used  to  evaluate  such  prototype 
structures.  The  nuolsar  weapons  tsst  moratoriua  initiated  in  Rovem- 
ber  1958  precl'ided  the  testing  of  new  prototype  struotuxee  which 
were  developed  es  e  result  of  the  pest  tests. 

The  field  military  engineer  ie  likely  to  b«.  precented  with 
etructure  requirements  of  a  wide  variety.  Be  may  have  on  hand  only 
a  minimal  cholcs  of  building  matarlals  to  satisfy  these  needs.  In 
addition,  the  further  lisiltatlons  of  labor  force,  construction  mate¬ 
rials,  or  equipment  may  prevent  the  utilization  of  certain  of  these 
building  materials,  lo  present  the  field  engineer  with  a  few  de¬ 
tailed  prototype  atructures  but  with  no  other  provisions  fOr  adapt¬ 
ing  or  aodiiying  such  structures  is  likely  to  oreate  the  condition 
where  no  structure  will  be  built.  Zt  sho\ild  be  esevmwd  that  the 
field  military  engineer  can  adapt  and  modify  structural  design  to 
suit  his  needs  when  he  is  provided  the  eriterie  under  which  :iueh  la- 
signs  were  based;  the  critical  features  of  blast  protection  Sv 
blast  effects  against  which  s'>?h  designs  were  created  to  protect; 
and  the  limitations  of  the  structural  designs  presented.  Whan  these 
aesumntions  are  made  and  when  ^he  wealth  of  available  data  incidental 
to  or  ulrectly  derived  from  the  nuclear  blast  effects  tests  are  con¬ 
sidered,  It  would  seem  reasonable  that  a  system  of  blast  reslstart 
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designs  could  be  provided  the  field  engineer  ss  that  structures  for 
which  no  prototype  tests  have  been  made  could  be  built  in  the  field. 

Current  Army  technical  laanuals  present  the  field  engineer 
with  prototype  stTnictures  for  blast  resistance  or  other  requirements. 
Occasionally,  specific  modifications  to  these  structures  arc  sub¬ 
mitted  with  the  designs.  Almost  without  exception,  no  alternatives 
are  presented  by  which  the  engineer  can  readily  adapt  thet  designs 
to  suit  specific  requirements  or  limitations  of  construction  materi¬ 
al,  labor,  or  equipment.  Great  planning  and  logistic  advantages 
exist  In  using  such  a  design  program,  in  that,  material  and  troop 
construction  may  be  accurately  predicted.  Further,  materials  uti¬ 
lizing  such  designs  ax'e  standardized  (for  example,  2  by  4  lumber  or 
corrugated  roofing)  and,  thereby,  may  be  readily'  used  for  other  Jobs 
should  the  need  arise.  The  qualities  of  prototype  structures  which 
have  been  developed  have  been  such  that  their  components  are-  unique 
or  that  the  methods  of  construction  required  (for  exan^le,  arched 
reinforced  concrete),  necessltaie  skilled  labor  for  their  erection. 
Therefore,  it  would  be  of  apparent  value  should  material  providing 
a  high  degree  of  nuclear  blast  protection  be  readily  adaptable  to 
many  Jobs.  Such  material  would  likely  be  available  in  the  theater 
army  for  these  varied  purposes. 

3.  Theory.  Specific  structural  theory  for  the  development  of 
the  designs  presented  in  this  report  is  given  elsewhere.  The  funda¬ 
mental  concept  upon  which  the  system  of  design  by  components  Is 
baaed  Is  that  tests  have  been  r\m  on  such  a  variety  of  structural 
shapes  and  materials  that  struct'iral  components  may  be  selected  so 
that  each  component  will  exhibit  adequate  resistance  to  nuclear 
blast  effects.  It  is  further  assumed  that  these  components  may  be 
assembled  Into  a  structure  so  that  each  component  will  fulfill  the 
requirement  for  resistance  placed  upon  it  without  weakening  -^he  re¬ 
mainder  of  the  structure.  The  basis  for  assemblijig  the  stni-tuxal 
components  is  to  select  their  design  and  placement  so  that  each  com¬ 
ponent  and  the  stmcture  Itself  act  Independently  of  any  other  com¬ 
ponent.  Thus,  the  entrance  configuration  la  not  structurally  at¬ 
tached  to  the  basic  structure  or  its  end  wall  8md,  within  Itself, 
may  be  of  Independently  acting  parts.  Similarly, the  other  components 
such  as  the  floor,  the  basic  structure,  the  end  wall,  the  entrance 
doorway,  and  the  entrance  frame  are  constructed  In  such  a  way  that 
they  act  Independently  to  secure  their  full  resistance  to  blast  ef¬ 
fects  without  transferring  loads  or  weakening  the  resistance  of  the 
other  components. 

Wherever  possible,  the  specific  designs  have  been  cross¬ 
checked  by  separate  theoretical  ana  empirical  approaches;  for  ex¬ 
ample,  the  theoretical  strength  of  a  member  hes  been  checked  against 
the  brsclrsted  ausolute  strength  exhibited  under  nuclear  test  condi¬ 
tions.  utatlc,  dynamic,  nuclear,  high  explosive,  and  nondestructive 


3 


test  results  have  ell  been  emplo^eu  to  define  the  the 

strength  of  the  components  employed  ir  the  structural  design  system. 


II.  CRITERIA  FOR  DEaiGSt 

Types  of  Dynamic  Loading.  Structural  design  for  nuclear 
blast  requires  consideration  of  rapid,  transient,  and  lateral  loads 
different  from  those  used  for  conventional  design.  Overpressures 
vhich  never  appear  in  civil  design  Bust  be  considered.  Where  con¬ 
ventional  construction  may  dictate  only  4  psl  (for  example,  for  a 
warehouse  floor),  structures  to  provide  for  the  effects  of  nuclear 
blast  can  be  designed  for  10,  100,  or  1,000  psl.  In  addition,  lit¬ 
tle  correlation  exists  between  nuclear  blast  resistant  design  and 
that  for  the  effects  of  conventional  weapons  euch  as  aerial  bombs 
or  artillery  projectiles.  Structures  for  conventional  warfare  are 
principally  concerned  with  penetration  of  a  projectile  or  Its  frag- 
aants  and  with  the  shattering  effects  of  the  high  explosive.  In 
contrast,  nuclear  mapons  have  no  shattering  affect,  fra^oentatlon 
or  penetration. 

High  explosive  (HE)  datonat^ons  aay  develop  extremely  high 
ovwrpraasurea ,  bun  the  pressxiras  are  localized  and  of  short  duration 
when  compared  wltl.  the  other  effects  of  fra^asntatlon  and  shattering. 
However,  overpressure  Is  the  principal  affect  of  a  nuclear  detona¬ 
tion  <q)on  a  atruetura.  The  overpressure  will  auddenly  rlaa  to  a 
peak  and  than  will  decay  In  auch  a  manner  that  the  entire  atruetura 
will  be  loaded  for  a  finite  time.  The  structure  muat  be  able  to 
withstand  this  ovarpreaaura .  The  dlatanea  of  the  atnieture  from  the 
detonation,  the  depth  of  burial,  and  the  size  of  the  weapon  yield 
may  cause  the  overpressure  to  decay  rapidly  or  slowly  In  relation  to 
the  response  time  of  the  structure.  The  overpressure  may  be  magni¬ 
fied  by  reflection  from  the  earth's  surface.  As  the  blast  wave 
travels  across  the  ground  at  a  high  velocity  large  reflected  pres¬ 
sures  may  be  developed  when  It  interacts  with  a  surface  In  its  path. 
Ths  magnitude  of  amplification  Is  dependant  on  the  peak  side -on  over¬ 
pressure  and  the  angle  of  Incidence  of  the  direction  of  travel  to  the 
surface.  Figure  1  shows  these  relationships.  ' 

Whan  the  blaet  wave  Is  reflected,  channelized,  or  strikes 
an  Interior  comer  It  may  be  magnified  many  times.  In  addition,  the 
actual  mass  of  the  air  In  the  blast  front  and  in  the  following  com¬ 
pressed  air  haa  a  velocity  which  eausas  a  drag  when  the  blast  wa'e 
envelops  and  passes  aroimd  aboveground  structural  element 

The  development  of  large  negative  overpressure,  an  addi¬ 
tional  feature  of  nuclear  blast  which  Is  negligible  in  HE  detona¬ 
tions,  is  seldom  considered  in  civil  practice.  The  negative  prer- 
( ures  may  be  on  the  order  of  t  pei  below  aimospherle;  consequently, 
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the  structure  experiences  an  outward  load  because  of  the  static 
pressure  of  the  al''  It  contains.  These  negative  pressures  have  been 
the  principal  cause  uf  destruction  of  tactical  etsplacemonts .  Such 
negative  pressurec  may  provide  an  additional  damaging  effect  on 
aboveground  or  near -.surface  structures  and,  therefore,  musl  be  con¬ 
sidered  In  protective  structure  design.  Tte  drag  effects  and  the 
large  increase  in  overpressure  developed  by  reflection  from  an 
abovegr^'jnd  structure  hinder  the  use  of  such  constniction  for  blast 
protection.  Similarly,  other  effects  which  would  prohibit  above¬ 
ground  construction  are  the  low  Initial  and  fallout  radiation  pro¬ 
tection  provided  by  such  structures. 

A  semlburied  structurs  employing  a  raised  earth  embankment 
aty  have  large  reflected  pressures  developed  on  the  sides  of  the 
be*^  which  are  transmitted  to  the  struottire.  A  ■emlburied  structure 
is  defined  here  as  one  completely  covered  but  with  the  earth  cover¬ 
ing  raised  above  the  surface .  Placement  of  a  structure  in  the  fully 
burled  condition  In  which  the  earth  over  the  structure  le  flush  with 
the  surrounding  surface  eliminates  tha  nesd  for  consideration  of  re¬ 
flected  and  drag  pressures.  The  requirement  for  consideration  of 
negative  pressures  depends  upon  the  depth  of  burial  and  tj'pe  cf 
structure.  It  le  assumed  that  a  negative  pressure  on  the  order  of 
4  pel  or  lees  Is  the  maximiB  that  would  be  encountered  under  most 
conditions.  To  develop  a  damaging  inward  force  within  the  atructure 
a  aat  negative  pressure  of  at  least  f  psl  would  probably  be  required. 
An  overburden  of  4  feet  or  more  earth  cover  would  be  sufficient  to 
eliminate  the  possibility  of  such  an  upward  force.  Bntxanee  Conflg- 
uratlone,  which  must  come  to  the  surface,  are  not  likely  to  bring  a 
net  upward  force  to  bear  on  the  structure  of  the  paseageway.  The 
entrance  elcaure  and  its  foundation,  however,  must  be  declgned  for 
the  possible  effects  of  negative  overpressure  In  the  pasnlng  blast 
wave . 

c 

Ifuolear  teste  have  Indicated  that  a  eonsldeiitble  reduction 
In  overpressure  occurs  In  the  first  two  to  three  feet  below  ground 
surface.  This  reduction  may  be  on  the  order  of  one-third  the  peak 
sldeon  overpressure.  Purtber  reduction  with  a  depth  below  this  first 
increment  is  extremeoy  small,  however,  and  may  be  assumed  to  be  neg¬ 
ligible  through  tbs  region  In  which  burled  etrueturee  with  minimum 
earth  cover  are  located.  High  overpreeeurse  may  be  developed  both 
on  the  roof  and  sides  of  a  burled  etructure.  The  megnltude  of  the 
pressures  on  the  elde  are  related  to  the  eoagiactloa  and  the  earth 
fill.  The  response  of  this  earth  fill  becomes  extremely  importvn^  j 
If  It  consolidates  to  eny  degree  under  the  blast  pressure,  addlv-^ml 
loads  upon  the  structure  may  b»  created  by  erclilng  from  the  structure 
to  the  adjacent  soil.  With  arch  structures  themselves,  a  large  con¬ 
solidation  of  the  soil  adjacent  to  the  structure  may  create  high 
tangential  friction  forcer,  on  the  structure.  These  effects  are  11- 
listrated  in  Figs.  2  and  3*  In  some  nuclee.r  tests,  this  force  bar 
been  sufficient  to  brii.g  about  the  failure  of  the  structure. 
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rig.  2.  Arching  action  davalopad  hy  aoH  consolidation.  The 
soil  IsBsdlately  adjacent  to  the  atructure  does  not  conaoll- 
date  as  ntuch  as  that  in  the  free  field,  further  from  the  struc 
ture.  The  result  Is  that  vertical  loading  about  the  periphery 
of  the  structure  Is  partially  borne  by  arching  action  by  the 
structure  and  the  consolidated  soil  away  from  the  structure. 
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Ruclsar  blast  affects  other  than  ti»  air  overpreeciure  are 
the  rapid  tranemlssion  of  shuck  through  earth  and,  in  particular, 
through  denser  mediums  such  as  rock  and  saturated  soil.  These  pres¬ 
sures  tMy  be  air  induced  or  directly  trassaitted  from  surface  or 
below-surface  detonations.  The  transmission  of  shock  throve  rock 
and  saturated  soil  requires  that  protective  structures  be  isolated 
from  these  denser  mediums  by  placement  above  the  water  table  and  by 
isolation  from  bedrock.  The  ground  shocks  are  characterized  by  high 
uniaxial  pressures.  Similarly,  varying  accelerations  are  developed 
in  different  directions  k'elatlva  to  the  path  of  the  shock.  Topical 
fras-fisld  ground  shock  spectra  are  shown  in  71g. 

9*  Struetur^  Response  to  Static  sod  PynaaLio  loads .  Conven¬ 
tional  structural  design  is  primarily  concerned  with  the  problem  of 
transferring  known  or  predicted  gravity  loads  to  the  earth  from  some 
position  In  space,  by  a  system  of  structural  maiidMra,  without  exceed¬ 
ing  allowable  stresses.  Blast  resistant  dsslgi  must  provide  strength 
to  resist  forces  normal  to  structural  surlhess,  gravity  loads,  fric¬ 
tional  loads  caused  by  settlement  of  earth  fill,  and  even 
loads  acting  upon  the  foundations  or  floors  of  the  structure.  The 
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blast  loads  from  a  nuclear  explosion  are  characterized  by  a  suddsn 
rise  In  pressure,  a  gradual  decay,  £.nd  a  negative  pressure  of  possi¬ 
bly  longer  duration.  An  Idealized  air  blast  overpressure  curve  Is 
Illustrated  in  Fig.  3- 

The  rapidity  vlth  which  the  loads  are  applied  and  the  typ& 
of  response  of  the  structure  are  such  that  sti-uctures  muat  be  de¬ 
signed  to  withstand  both  the  externally  applied  loads  and  momen¬ 
tum  developed  in  the  structural  elements  themselves.  As  a  corollary, 
the  spring  of  a  scale  must  be  able  not  only  to  support  the  weight  of 
the  scale  and  its  contents,  but  must  overcome  the  dynamic  loading 
which  results  when  the  mass  is  applied  and  the  system  seeks  equili¬ 
brium.  Similarly,  the  strength  necessary  for  a  roof  to  resist  the 
overpressure  as  applied  by  the  blast  and  the  weight  of  the  roof  It¬ 
self  must  be  considered.  Also,  the  loads  created  by  the  mass  of  the 
roof  system  having  been  aeeelei^ted  under  the  fcree  of  the  overpres¬ 
sure  consequently  require  deceleration.  Deceleration  requires  a 
strength  of  possibly  the  same  magnitude  as  that  needed  to  resist  the 
overpressure  Itself,  nie  duration  of  the  positive  pressure  of  the 
blast  wave,  therefore,  beeoBws  a  critical  factor  l.i  determining  the 
maximum  load  which  a  structure  must  withstand.  This  duration  le 
compared  to  the  time  of  the  elastic  response  of  the  structure  and 
the  magnitude  of  the  elastl'^  response  of  the  structural  membern  In 
relation  to  their  elastic  yield  point.  Structural  elements  required 
for  underground  structures  are  of  such  a  etiffness  that  the  time  of 
elaatic  reeponee  of  these  elements  (that  ie,  their  natural  period  of 
vibration)  ie  short.  Thus,  the  positive  pressure  phase  of  a  nuclear 
detonation  of  any  size  weapon,  1  KT  and  larger,  is  of  such  a  length 
that  it  cen  be  considered  of  infinite  duration  without  significant 
error.  Flgxures  6  and  7  illustrate  these  effects.  The  figures  are 
dimensionless  In  that  the  displacements  shown  in  each  figure  are  re¬ 
lated  to  a  single  line  which  represents  the  displacement  unde"  a 
epeK;ified  load.  The  riee  time  of  the  peak  overpressure  for  such 
etxlicturae,  however,  ie  so  short  that  a  magnification  occurs  in  the 
response  of  the  structure.  The  response  is  greater  than  it  would 
have  been  bad  the  same  overpressure  been  gradually  applied  over  a 
long  period  of  time. 

The  etructural  response  to  the  application  of  the  over¬ 
pressure  becomes  Important  criteria,  not  only  In  the  determination 
of  the  etructural  strength  requirements,  but  In  the  selection  of  the 
material  for  construction.  For  example,  a  concrete  structure  in  an 
arch  shape  may  be  luch  that  its  critical  response  (t)iat  at  wiiluit 
failure  Is  most  likely  to  occur)  takes  place  when  the  structure  Ic 
reboimdlng  after  It  has  first  absorbed  in  the  compressive  phase  a 
large  amount  of  elastic  energy.  Thus,  a  design  intended  to  take 
nsjtlmum  advantage  of  the  heat  quality  oi  concrete  may  be  faulty  as 
a  result  of  the  response  In  a  tensile  reaction  which  develops 
streseeG  t.aat  would  never  occur  under  conventional  loading. 


n«.  6.  TvB&amanttl  rciponse  of  vmdaas^d  Iccg-  »hort- 
porlod  •Tstoma  to  a  stop  loadlaf. 


An  Iffiportant  factor  uf  design  for  dynamic  loads  la  that 
eortaln  aaterlala  of  oonatnietlon  exhibit  narkedly  different  proper¬ 
ties  wider  high  rates  of  loading.  Materials  such  as  timber  and 
steel  have  strengths  in  the  elastic  range  wider  high  rates  of  load¬ 
ing  which  are  higher  by  a  factor  of  23  percent  to  30  percent  t-hiui 
those  available  when  the  loads  are  applied  gradually.  For  example^ 
the  yield  point  of  structural  steel,  approximately  3£,CXX)  osi  un<^*r 
static  load,  may  be  up  to  U3,000  pai  under  rapid  loading,  ifven 
greater  dynamic  increases  in  strength  characteristics  are  obtained 
from  timber  under  rapid  loading.  These  character Ist lea  allow  the 
designer  of  a  structure  to  use  nhe  dynamic  strength  available  in 
steel  or  timber  to  withstand  the  hl^  pressures  which  occur  In  a 
sharply  peaked  overpressixre  pulse. 
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itaotber  eon*ld»r»tloh  In  dselpslng  for  dyr^ale  lo&ds  which 
a«ts  aport  suoh  design  free  that  used  for  oonventlonal  structures  it 
that  of  the  elasto-plastie  action  of  the  structural  uiterlal.  Plas¬ 
tic  pleldlug  of  the  structure  elements  may  he  permitted  to  occur 
under  design  loads  of  short  duration,  an  effect  which  would  never  he 
permitted  hy  civil  practice.  Such  design  allows  for  the  dynamic  re¬ 
sponse  eharuoterxstles  of  the  load  hy  maliL'ig  use  of  the  capc.hllity 
of  the  structural  material  to  ahsoih  some  of  the  effect  of  loads  of 
short  duration.  Suoh  action  enahlea  high  peak  overpressures  of 
short  duration  to  he  designed  for  resistance  hy  energy  ahsorption 
concepts.  By  these  methods,  the  energy  developed  In  the  sxructural 
system  hv  the  application  of  the  hi^  overpreseure  Is  absorbed  by 
plastic  deformation  of  the  structural  elements;  these  deformations 
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reiiuirc  anerKV  absorption  of  each  extent  and  tuke  ouch  a  length  of 
time  that  the  system  is  brought  to  rest  before  the  i\ltlnate  strength 
lb  utilized.  The  tanpioyment  of  this  concept  aloo  permits  the  use  of 
lower  design  moment  values  for  the  beam-type  stzoictural  elements, 
tnie  development  of  plastic  binges  in  continuous  beams  or  rigid 
frames  may  be  assumed  to  occur  and,  consequently,  a  balanced  distri¬ 
bution  of  movement  between  ends  and  center  of  a  beam  may  also  be 
assumed.  These  effects  and  concepts  are  illustrated  in  Figs.  6 
throuj^  10. 

Tvse  orstMAVioe 


Fig.  8.  Zdeallxed  atress-stralm  relationship  of  Intamedlate 
grade  steel. 


Tt.e  dynamic  response  characteristics  of  a  structural  ele¬ 
ment  play  a  large  part  in  the  design  of  that  element  for  response  to 
a  specific  blast  overpressure  and  decay  eccdltiou?.  The  period  of  . 
vibration  of  the  structural  element  acting  within  its  elaatlc  range 
Is  as  Important  criterion  In  determining  the  theoretical  response  of 
that  element.  In  addition,  the  elastic  limit  of  the  striv^tural  ele¬ 
ment  and  the  plastic  strain  which  may  occur  beyond  this  ll'slt  prior 
to  failure  are  important. 

As  the  eide-oa  overpressure  acting  on  the  surface  nas  in 
Itself  no  mosMntxBB,  energy  Is  absorbed  Into  the  structural  system  by 
■sans  of  the  overpressure  acting  over  a  finite  distance.  The  amount 
of  energy  absorbed  by  tiie  system  is  determined  by  the  distance  over 
which  the  overpressure  acts  when  it  la  at  varying  nressurce.  For 
example,  the  longer  the  response  time  of  the  structural  ele^^nt,  toe 
shorter  will  be  the  distance  over  which  a  given  decaying  overpres¬ 
sure  will  act  during  the  time  of  that  decay.  Thus,  the  energy  ab¬ 
sorbed  will  be  smaller  and  the  capacity  to  absorb  thfs  energy  will 
be  less.  This  action  was  illustrated  previously  in  Fig.  7. 
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DISTRIBUTION  ACROSS  A  HOMOuENB)UB.SmMrnNCAL  BEAM  iN  RURE  BENDiNO 


Fi«.  9.  Distribution  of  stress  and  strain  across  a  beam  In 
p\ire  bending. 
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rig.  10.  fffaot  of  plaatle  blJigas  t^oa  tba  Boisaot  dlatv5bu> 
tloD  along  a  bean.  The  dlagr&a  lUiutratea  moaent  dis¬ 

tribution  along  a  simply  supported  beam.  The  oenter  figure 
shows  the  moment  distributin’*  along  a  fully  alast's  bc*m  with 
rigid  and  airports.  Zn  the  lower  figure,  plastic  hinges 
formed  at  the  ends  of  the  beeun  permit  an  Increase  In  load  up 
to  the  fomatlon  of  a  plastic  hinge  at  oddnpan. 
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C.  Consideration  of  Ultimate  Strength  In  conven¬ 

tional  construction,  general  design  procedures  utilize  allowable 
stresses  within  the  structural  elements  based  on  a  percentage  of  the_ 
yield  stress  of  the  material.  Ultimate  strength  design  in  conven¬ 
tional  construction  utilizes  the  ultimate  strength  of  the  material 
and  to  this  relates  a  factor  of  safety  for  computation  of  the  allow¬ 
able  stresses.  The  actual  factor  of  safety  against  fallufe  may  be 
higher  or  lower  for  this  type  of  design  procedure.  Fallur.  may  be 
considered  as  yield  or  as  collapse  of  a  structure.  In  conventional 
construction,  design  is  Intended  to  avoid  the  possibility  Of  the  oc¬ 
currence  of  yield.  With  the  high  pressures  applied  and  strength  re¬ 
quirements  for  protection  against  the  effects  of  nuclear  blast,  the 
avoidance  of  yield  places  too  large  a  requirement  upon  the  strength 
of  stnictural  elements.  Consequently,  the  design  based  on  ultimate 
strength  may  provide  for  a  more  balanced  strtieture  in  which  the 
various  components  are  at  the  same  percentage  of  their  ultimate 
capacity  under  design  loading.  However,  with  the  design  of  struc- 
t'jre  for  protection  against  the  effects  of  nuclear  blast,  ultimate 
strength  design  takes  on  a  different  aspect. 

The  forces  of  these  blasts  are  of  such  a  magnitude  and 
create  such  stresses  that  the  structures  cannot  economically  be  de¬ 
signed  so  that  all  I'espotu.*  will  be  within  the  elastic  range  under 
design  loadings.  The  structures  are  designed  to  permit  some  plastic 
deformatior  of  the  structural  elements  under  maximw  design  loads. 
The  principal  application  of  ultimate  strength  design  both  in  civil 
and  protective  construction  is  with  steel  as  the  responding  material. 
Steel  has  a  strain  at  failure  which  may  be  on  the  order  of  20  or  30 
times  the  strain  of  Initial  yield  and  the  ultimate  load  may  be  on 
the  order  of  2  times  that  at  which  yield  occurred  (Fig.  8).  Within 
the  elastic  range  of  behavior  the  stresses  in  structural  members  arc 
essentially  proportional  to  strain.  At  the  ultimate  condition 
stresses  and  strains  are  not  proportional ,  do  not  vary  propoi uion- 
ally,  suid  the  distribution  of  compressive  stresses  in  an  element 
subjected  to  bending  is  nonlinear.  Figure  9  illustrates  this  varia- 
tloi'i  in  :£tresses  across  a  bending  member  in  these  various  conditions. 

7.  Use  of  anpirical  HesvJts.  Nuclear  weapons  effects  tests 
have  included  tests  on  berm  configurations,  structures,  and  struc¬ 
ture  and  utility  components.  These  tests  have  proved  the  ability  of 
specific  structures  to  provide  blast  protection  and  have  indicated 
the  manner  and  the  pressure  levels  at  which  these  structures  undergo 
permanent  deformation  or  collapse.  Specific  s'cructures  of  steel, 
concrete,  and  timber  in  rectangular,  drotilar,  semicircular  or  other 
shapes  have  been  tested.  Many  forms  of  end  walls,  entrances,  clo¬ 
sures,  and  entrance  con fHpirat lone  have  been  employed.  The  empiri¬ 
cal  results  of  these  teste  have  been  used  as  the  principal  design 
criteria  'or  the  structural  and  utility  elements  selected  for  the 
design  system.  These  empirical  test  results  have  been  reduced  to 


components  whereby  a  structure  which  may  have  failed  may  have  pro¬ 
vided  positive  blast  protection  as  far  as  the  design  of  the  entrance 
or  closure  was  concerned.  Theory  which  has  been  developed  from  the 
nuclear  test  results  or  from  dynamic  or  ultimate  strength  teats 
been  used  to  extrapolate  the  derived  designs  for  which  no  vest  re¬ 
sults  upon  a  similar  element  were  available.  The  principal  closure 
designs  are  an  example  of  this;  both  the  massive  drawbridge  door 
and  the  designed  personnel  hatch  are  adaptions  with  minor  modifica¬ 
tions  of  similar  closures  which  have  received  nuclear  or  hi£^  explo¬ 
sive  blast  testing. 

larth  berms  cause  semlburied  structures  to  respond  as 
though  they  were  fully  burled.  Other  bexss  which  have  been  tested 
have  failed  to  p.’*ovlde  such  an  effect  and  the  structures  have  exhib¬ 
ited  failure  as  a  result  of  the  reflected  o'/erpressure  developed  os 
the  side  face  of  the  berm.  The  designs  for  berms  vbicb  are  of  a 
wide  variety  have  received  little  comprehensive  testing.  Hence,  it 
Is  recosnended  that  the  use  of  any  bens  be  discouraged  and  that 
fully  burled  placement  be  used.  Consequently,  no  designs  for  berms 
are  presented  In  this  report.  Likewise,  no  designs  are  presented 
for  cn  aboveground  uncovered  structure  because  the  magnitudes  of  the 
reflected  and  drag  preesures  developed  on  the  sides  of  such  a  struc¬ 
ture  prohibit  such  placement.  It  la  reecgnlsad  that  tha  requlre- 
menta  of  entrance  or  aubsoll  conditions  .asy  necessitate  aemlburled 
eonetructlon .  Technical  Manual  lM^-311  presents  ben  designs  based 
on  positive  nuclear  test  results  which  will  provide  the  meant  by 
which  the  burled  structure  designs  may  be  used  for  semlburled  struc¬ 
ture  placement. 


III.  STRUCTURES  COKPONEWTS  DESIGN 

6.  General.  This  section  presents  families  of  structures  and 
structural  components  which  are  designed  to  provide  protection 
agalnet  the  blast  effects  of  nuclear  detonations  at  deuigs  ovsrprst- 
ture  levels.  The  bases  for  selection  end  the  design  criteria  of  the 
structural  components  and  basic  structures  are  deocrlbed.  A  break¬ 
down  of  protective  structure  design  into  structures  and  components 
enables  each  component  to  act  Independently  and  thus  be  designed 
uelng  Independent  criteria.  The  structures  are  to  be  fully  burled. 
The  classification  of  the  structuree  and  ooisponents  follows: 

a.  Basic  structures. 

b .  End  walls . 

c.  Entrance  conflgx’rutlons . 

d.  Blast  resistant  closures  and  frames. 
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e.  Do  r  frame -supporting  foundetlon^.. 

f.  Floors. 

The  analysea  and  design  of  structures  and  components  he;ve 
heen  made  by  considering  the  results  of  past  uudear  aiid  high  e;q>lo- 
slve  tests  with  reference  to  each  of  the  classifications  Just  men¬ 
tioned.  With  this  pr  'cMure,  a  test  which  may  have  caused  '  ^Ic 
structure  collapse  may  -till  have  provided  positive  results  allowing 
determination  of  a  suitable  design  for  entrance  configuration  or  for 
a  blast  resistant  door  frame  or  frame-supporting  foundation.  Simi¬ 
larly,  positive  and  negative  results  were  employed  to  bracket  the 
optlmvB  design  or  the  overpressure  at  which  such  a  structure  Is 
likely  to  undergo  failure.  Analyzing  tei^  rec  'ts  by  oomponents  of 
the  structure  permits  alteration  of  the  te-  '.^d  design  in  such  a 
fashion  that  the  same  structure  nay  wlthstaiul  greater  overpressures 
than  those  which  caused  failure  during  the  test.  This  method  of 
analysis  was  applied  with  the  criteria  set  forth  In  the  preceding 
section  to  effect  the  designs  presented  here. 

9.  Basle  Structures.  Basle  structures  are  presented  to  pro¬ 
vide  blast  resistance  when  the  structure  is  In  the  fully  burled  con¬ 
dition  for  any  direction  of  travel  of  blast  waves  with  respect  to 
Its  orientation.  The  length  of  the  basic  structure  Is  iosiaterlal 
because  a  cross  section  perpendicular  to  the  longitudinal  axle  can 
be  taken  at  any  location  along  ifeglength  of  the  struoture  and  still 
provide  full  protection  against  blast  forces.  To  aocoeipllsh  this 
adequately,  the  structure  must  have  the  capacity  to  withstand  the 
full  forces  of  the  blast  across  Its  axis.  If  longitudinal  struc¬ 
tural  members  are  employed,  they  must  bear  on  a  transverse  struc¬ 
tural  section  and  should  be  In  Independently  acting  segments  or 
modules.  In  addition,  the  end  wall  must  be  such  that  negligible  or 
no  forces  are  transmitted  to  the  structure  in  the  lougitudina.‘  di¬ 
rection.  Thus,  any  need  for  a  different  design  to  provide  stronger 
ends  for  the  baelo  structure  than  for  the  center  section  will  be 
ellmlnetod.  The  amount  of  force  that  can  be  transmitted  to  the 
etrocture  longitudinally  by  th*  end  wall  varies  with  the  structure 
type.  For  example,  a  reinforced  concrete  arch  section  can  withstand 
a  much  higher  longitudinal  force  imposed  by  the  end  wall  than  can  a 
faction  of  corrugated  steel  of  elmllar  dimension.  All  of  the  basic 
atxnictures  presented  here  are  independent  of  any  of  the  obolees  made 
from  among  the  other  structural  components. 

a.  Circular  Corrugated  Steel.  Corrugated  steel  arch  aiid 
circular  shapes  have  undeigone  numerous  successful  tests  under 
nuclear  blast  overpressure,  both  as  underground  horizontal  passage 
cr  shelter  structures  end  as  vertical  tubes  providing  entrance  from 
the  surfec';  to  a  structure  or  to  a  horizontal  entrance  section.  As 
the  corrugations  run  in  a  circumferential  direction,  a  requirement 


In  tne  employment  of  corrugated  steel  Is  tiie  avoidance  of  longitudi¬ 
nal  thrust  or  bending  stresses.  The  cur»e4  corrugated  steel  section 
Is  the  most  efficient  material  of  construction  for  withstanding  uni¬ 
form  loads  applied  radially  or  tangentially  to  an  arc  section. 

Curved  corrugated  steel  sections  are  produced  in 
nestable  sections  with  flaiiged  longltuAlnsT  eonnectlons  in  diameters 
up  to  7  feet  and  with  bolted  lap  Joints  In  dlamete  '  up  to  30  feet. 
Thera  characteristics  make  the  material  Ideal  for  field  assembly  and 
present  a  minimum  logistic  requirement.  Tfae  flexibility  of  the  eor- 
r\igated  steel  in  both  the  longitudinal  and  circumferential  direc¬ 
tions  allows  the  steel  to  retain  its  stresgCb  end  resistance  to  over¬ 
pressure  even  with  variance  In  geometry  or  alignment  caused  by 
settlement  or  assembly  tolerances.  In  addition,  when  the  material 
is  overloaded  and  partial  fdllure  results,  in  the  form  of  buckling 
and  distortion  of  the  section,  a  usable  area  fbr  passage  or  occupancy 
is  left,  allowing  continued  partial  use  of  the  structure  or  entrance. 

The  design  of  the  burled  corrugated  steel  arch  and 
circular  structures  Is  based  upon  the  mode  of  failure  of  such  arch 
structures  when  they  are  subjected  to  unifbxm  blast  overpressure  on 
the  ground  surface.  The  bases  of  the  deslffi  are  the  nuclear  tests 
in  which  the  strur  -arcs  responded  end  ihilsd  In  the  cosqineBsive  mode . 
The  compressive  mode  is  that  in  which  ths  satire  strueture  is  plaesd 
in  compression  tcmgential  to  the  eireuafsrsnee.  During  nuclear 
tssts,  structures  failed  in  this  eonpressivs  mode  of  response;  the 
steel  piste  yielded  under  bearing  of  bolts  et  longitudinal  seams . 
Sttuoturea  which  had  been  placed  and  tested  so  that  a  large  nonuni¬ 
form  load  was  placed  upon  them  (aboveground  structures  for  which  the 
berm  was  inBuffiolent  to  secure  undergroucd  response  characteristics) 
failed  by  buckling  of  the  steal  section,  fkllure  In  the  compressive 
mode  for  such  structures  presents  a  much  mjn  readlX;  calculated 
ultimate  strength  for  the  structure.  This  pormits  tt.'tiaate  strength 
calculation  to  be  made  on  the  basis  of  tbs  strength  of  the  bolted 
longitudinal  Joints  for  the  various  tbleknesses  of  material  and 
spaclngs  of  the  bolts.  When  a  buried  structure  is  subjected  to  a 
uniform  losd  as  a  rcsvilt  of  overpressure  applied  at  the  surface,  the 
component  of  stress  tangential  to  the  section  and  that  which  creates 
the  failure  of  the  longitudinal  sesss  vary  directly  with  the  radius 
of  the  structure.  In  contrast,  the  resistance  of  a  atruet'.tre  to 
nonuniform  loads  creating  buckling  and  rsqalrlng  the  section  to  re¬ 
sist  in  flexure  varies  with  ths  squars  of  the  span.  In  cthe^  woris 
as  the  span  inereeoes  the  same  section  hM  leslwtance  to  flexur-. 
which  decreases  inversely  with  the  square  root  of  the  span.  Nuclear 
test  results  have  shown  that  a  structure  of  ^-foot  diameter  subject¬ 
ed  to  fully  buried  conditions  failed  in  the  eoaqfiressive  nude.  This 
result,  and  the  described  variations  in  resistance  of  the  structure 
tj  flexui'e  and  failure  in  the  compressive  mode  provide  the  basis  for 
assuming  failure  in  this  mode  of  properly  placed  corrugated  steel 


arch  atructures  with  radii  of  15  feet  and  less.  Those  steel  struc¬ 
tures  which  were  tested  and  which  failed  in  the  compressive  node 
were  exposed  to  slde-on  overpressures  ranging  from  6o  to  200  psl. 

Static  load  tests  of  the  bolted  Joints  of  corrugated 
steel  plate  of  different  thicknesses  (the  steel  employed  has  a  yield 
stress  of  27,000  psl  to  28,000  psl)  and  spacing  of  the  bolts  were 
used  to  define  the  ultimate  strengths  of  the  various  gage  j^lates. 
Based  solely  on  these  data,  a  graph  was  prepared  which  related  a 
uniform  overpressure  to  the  radius  of  the  structure,  from  which  a 
thickness  with  a  standard  bolt  spacing  required  for  blast  resistance 
could  be  selected.  Figure  11  was  develop^  on  this  basis,  using  the 
yield  strengths  of  the  bolted  Joints.  The  results  of  all  known 
nuclear  tents  on  corrugated  steel  arch  or  elrcolar  sections  were 
plotted  upon  this  graph  as  a  cheek  of  Its  validity.  Thus,  the  chart 
was  checked  by  comparing  overpressures  which  this  material  had  with¬ 
stood  or  under  which  the  material  bad  failed  to  the  overpressure 
designated  for  a  specific  radius  and  thickness  of  corrugated  steel. 
Test  results  have  not  been  of  such  quality  that  precise  failure  over¬ 
pressures  can  be  Identified;  these  pressures  have  been  bracketed 
for  certain  radii  and  gages  of  steel,  however,  and  have  Indicated 
that  overpressure  (approximately  twice  that  Indicated  on  the  graph 
derived  as  Just  stated)  vculd  be  required  to  cause  complete  collapse 
of  the  structure.  The  chart  was  checked  against  corrugated  steel 
structures  of  1^-foot  to  15-foot  radii  and  at  overpressure  levels 
to  200  psl.  As  can  be  noted  on  the  graph  of  longltudlxmd  seast 
strength  (Fig.  12),  an  Increase  In  strength  may  be  obtained  by  using 
six  or  el^t  bolts  per  foot  of  longitudinal  seam.  The  four-bolt-per- 
foot  spacing  is  American  standard,  but  the  six-  or  elght-bolt-per- 
foor  patterns  requlxe  special  order  In  most  sizes.  The  availability 
of  test  data,  the  desirability  of  using  the  standard  pattern,  and 
the  limited  strength  Increase  with  additional  bolts  were  factors 
which  determined  that  the  design  graph  should  be  based  on  thu  lover- 
bolt-per-foot  pattern.  As  the  flanged  corrugated  steel  section  pro¬ 
vides  a  higher  strength  contact  between  adjacent  plates  than  does 
the  lapped  and  bolted  plate,  the  graph  provides  a  sllcditly  higher 
factor  of  safety  for  these  sections.  Test  data  upon  which  to  refire 
the  graph  further  for  this  type  of  section  arc  not  available;  how¬ 
ever,  the  graph  should  be  suitable  for  the  design  of  these  sections. 
Although  the  graph  was  developed  using  the  computed  ultimate  strength 
of  the  sections,  the  nuclear  test  results  Justify  Its  use  and  Indi¬ 
cate  an  epproxlmte  safety  factor  of  two  for  o'/erpressure  on  the 
surface.  It  Is  believed  that  the  principal  factors  which  allow  tils 
Increase  In  strength  over  the  computed  ultimate  strength  for  the 
burled  structure  are  the  attenuation  of  slde-on  overpressure,  with 
depth,  the  relatively  long  response  ti<r3  for  a  buried  struc't'ure  in 
which  the  earth  surrounding  the  structure  acts  with  the  responding 
structural  section,  and  the  higher  dynamic  yield  stresses  of  steel 
under  dynamic  loading. 
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THtOMilM  or  OtML  W  INONU 

7i«.  12.  Corrufot^a  oto*!  loacltuAlaal  toaa  otroactho.  (B«o«d 
on  0  tlgarm  by  wa&  p\jbllfb«d  vltb  parnltslon  of  Axmeo  Droinogo 
4  NoUl  Produoto,  Zno.) 


la  tbo  a«ol0i  fropb,  ontronoo  ooetloao  vltbla  3  foot 
of  tbo  oorth'o  ourfoco  ohould  bo  oolootod  uolxif  two  tiaoo  tho  dr.oiffi' 
OTorprooouro  for  ontry  into  tbo  gropb.  Thio  provision  1«  oMdo  tc 
ollov  for  tbo  roduotlon  in  ovorprooouro  witbin  tbo  firot  fov  foot 
frooi  tbo  ourfoeo  ond  tbo  obooneo  of  a  largo  oarcb  oasa  roaponding  in 
oonjunction  with  tbo  otruoturo,  aa  indioatod  by  fii'aa-fiold  under- 
ground  preoauro  tooting  and  by  nondostructiva  vibration  toata. 
Thereby;  aa  aa  exaarple,  in  a  deaign  fur  |SO-pai  alda-on  overpreaauro; 
a  aectlon  uaing  100  pal  denign  overpreaaure  would  be  aeleoted. 
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A  variation  of  the  sectional  circular  corrugated 
steel  plate  (2>lnch  depth  with  6-lnch  pitch)  for  employment  as 
horizontal  passage  configurations  or  as  ssmll  size  emergency  per¬ 
sonnel  shelters  is  the  cattle  pass  section.  Figure  13  llluetratO'> 
the  cross  section  of  the  cattle  pass  and  Table  X  presents  standard 
alzeo  of  this  section.  Such  sections  have  received  some  tests 
under  nuclear  blast  overpressures.  With  the  results  of  this  test¬ 
ing  as  the  basis,  it  is  recommended  that  the  circular  design  chart 
(fig.  11)  be  employed  for  steel  thickness  selection  for  the  cattle 
PSMS.  B^f  the  span  of  the  cattle  pass  section  should  bo  employed 
as  the  radius  for  entry  into  the  graph.  Such  structures  should 
only  be  employed  In  horizontal  orientations  and  with  tha  flat  bocr 
downward.  These  structures  of  7-fbot  8-lach  rise  10-gage  steel 
hava  withstood  nuclear  blast  surfSce  sUa-on  overpressures  up  to 

without  significant  dasMgs  and,  when  available,  make  an  ex¬ 
cellent  section  for  horizontal  passageways. 

Circular  ond  arch  eorrugstsd  steel  sections  provide 
the  best  basic  structure.  Issa  of  design,  construction,  and  trans¬ 
portation  asks  steel  aeetlonn  the  ideal  aaterlal  fCr  field  usage. 


Fig.  13-  Corrugated  steel  cattle  pass  cross  section.  Table  I 
contains  standard  dimensions  for  this  section. 


Table  I.  Typical  DiraensionB  of  the  Cattle  Pass  Section 


Span 

(i't-ln. ) 

Rise 

(ft-in.) 

N  Required 

Inside  Radii  (in.] 

Total 

Top 

Sides 

Rt 

Rs 

5  -  8 

5  -  9 

2U 

5 

5 

27-1/2 

53 

5  -  8 

6-1 

25 

6 

5 

28-1/4 

63 

5  -  9 

6  -  6 

26 

7 

5 

29-1/2 

75 

5  -  9 

7-0 

27 

6 

6 

26-3/4 

81-1/2 

5  -  9 

7  -  ^ 

28 

7 

6 

28-1/2 

95-1/4 

5  -  10 

7-10 

29 

6 

7 

25-1/2 

100-1/2 

5  -  10 

8-2 

30 

7 

7 

27-3/** 

116-1/2 

(a)  Refer  to  Fig.  13  for  the  croBS  section  with  dimension 
descriptions . 


(b)  N  Is  the  net  ler.gth  of  plate  longitudinal  to  the  corrugations 
expressed  as  the  number  of  standard  9>6>lnch  spaces  between 
bolt  Center  lines.  Thus,  the  perimeter  dimension  Is  tota7  K 
times  Inches.  (The  figure  9*^  Inches  Is  derived  from  use 
of  one  bolt  for  each  3  Inches  of  diameter  for  a  circular 
section . ) 


b.  Corrugated  Steel  Arch.  The  design  of  the  steel  arch 
structure  employs  the  steel  gage  and  assembly  described  In  paragraph 
a,  "Circular  Corrugated  Steel."  Variation  In  design  procedure  oc¬ 
curs  In  the  requlren'ent  for  a  footing  for  a  bearing  of  the  edge  of 
the  structure.  Response  of  the  structures  Is  such  that  no  benefits 
are  brought  about  by  use  of  a  tied  arch  or  by  obtainlrig  end  fixity. 
Consequently,  the  footing  Is  designed  to  fulfill  the  require'Jients  of 
the  static  earth  load  and  to  minimize  differential  settlement  under 
blast  loadings.  Permanent  settlement  under  such  loadings  actu-tlly 
lengthens  the  response  time  of  the  structure  atid  thereby  Increases 
Its  dynamic  capacity;  the  steel  plate  continues  to  respond  as  an 
integral  flexible  arch  and  the  yielding  of  the  footing  absorbs  en¬ 
ergy.  Footing  designs  for  structxuree  of  varying  spans  are  presented 
In  Figs.  lU  throuc^  16. 

The  designs  of  the  footings  Illustrated  are  based 
upon  the  results  of  tests  on  footings  of  reinforced  concrete  for 
corrugated  arch  structures.  Such  footings  have  been  tested  at  a 
wide  range  of  overpressures  and  structure  spaiis.  Significant  fail¬ 
ure  of  the  footing  has  not  taken  place  although  permanent  settlement 
has  occurred.  The  Junctloi  between  thj  fci(^tlng  and  a  concrete  floor 
poured  Integral  with  the  footing  frequently  has  failed.  The  footing 
designs  provide  adequate  bearing  areas  for  mlnlmur.  settlement  of  the 


•OLT  KfLON*  0.e. 

?lg.  lU.  Timber  footing  for  corrugated  steel  arob  structures. 


/ 


Fig.  15.  Rolled  steel  footing  for  corrugated  eti^el  arch  structures 
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fi«.  16.  Coaor«t«  fbotlag  fior  corrugated  eteel  arch  etrueturee. 


•trueture  under  etetle  load  oondltlone.  All  of  the  deelgns  are  ls« 
tended  to  provide  contlnuoiu  footing  below  the  edge  of  the  structure. 
The  proved  resistance  of  the  reinforced  concrete  footings  vae  used 
to  establish  width  of  footing  and  a  alnlrasB  section  modulus  '^or  sub- 
•tlt\rtlen  of  tliber  or  steel  sections  as  footing.  Tha  steei  section 
has  greater  flexural  strength  than  is  required  to  provide  sufficient 
bearing  area. 


Of  the  three  designs  presented,  tbo  tiaLer  Is  stost 
suitable  for  field  ’jsage.  Timber  Is  a  readily  worked  material  and 
requires  no  curing  or  other  tlM  delays  Inherent  In  concrete  oon- 
struetlon.  substitution  of  steel  section  for  that  presented  should 
be  made  on  the  basis  of  maintaining  a  steel  thickness,  not  subject 
to  adverse  weathering  effects;  and  providing  adequate  bearing  end 
depth  (1-foot  depth  le  considered  to  be  a  ul^xisuB) . 

0.  Circular  Reinforced  Concrete.  Kuclear  blast  over¬ 
pressures  acting  on  the  ground  surface  generally  create  normal 
forces  on  the  surfaces  of  burled  structures  and  cause  circular  or 
arched  structural  shapes  to  be  most  efficient  In  withstanding  these 
forces.  As  previously  llliistrated,  a  circular  lightweight  corrjgated 
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Bteel  section  may  withstand  extremely  ilgh  overpressure  'oacause  of 
the  type  of  resultant  stresses  which  are  compressive,  tangential  to 
the  circumference,  and,  uevuilly,  without  bending.  The  relatively 
high  strength  of  reinforced  concrete  in  pure  compression  wouJ.d  indi¬ 
cate  that  It  should  b«  an  excellent  material  for  clrcule.r  arch  blast 
resistant  constructlo.  One  drawback  Is  the  difficulty  of  field 
forming,  bending,  tmd  placement  of  reinforcing  steel.  Thus,  a  pre¬ 
fabricated  circular  section,  euch  as  reinforced  cc  rrete  pipe,  may 
form  an  effective  and  readily  placed  blast  resistant  module  for  use 
In  entrance  configurations  or  small  structures.  Such  pipe  is  usual¬ 
ly  locally  manufactured  and  Is  commonly  used  in  sever  or  culvert 
construction.  Industry-wide  standards  of  construction,  geometry, 
strength,  and  reinforcing  increase  the  feasibility  of  using  the  pipe 
sections  for  blast  resistant  construction.  Nuclear  test  results  on 
such  pipe  with  blast  overpressures  19  to  I36  psl  have  proved  the 
feasibility  of  the  material  and  Justify  Its  consideration  In  thle 
report. 

A  theoretical  analysis  of  the  behavior  of  a  circular 
reinforced  concrete  section  to  the  shock  overpressures  is  Illus¬ 
trated  In  Fig.  17  and  described  as  follows : 

(1^  On  the  arrival  of  the  shock  front,  a  nonuniform 
loading  is  applied  to  the  circular  section.  This  loading  con¬ 
sists  of  the  shock  pressures  acting  on  the  upper  portions  of 
the  section  and  the  earth  reaction  acting  upward  on  the  lower 
parts.  Structural  response  to  this  loading  is  an  Initial  ellip¬ 
tical  deformation;  the  actual  deiwrmtlon  Is  counteracted  by 
bending  resistance  of  the  concrete  section  and  by  confining 
earth  pressures.  If  the  section  has  insufficient  bending  re¬ 
sistance,  cracking  is  likely  to  occur  at  the  qunrter  points,  as 
Illustrated. 

(2)  After  the  initial  peak  shock  has  passed,  the 
structure  is  enveloped  by  a  uniform  radial  pressure  which  de¬ 
cays  as  the  overpressure.  Ihe  response  of  the  structure  is 
the  development  of  a  uniform  compressive  load,  tangential  to 
the  clrcvnference,  with  a  resultant  tendency  of  the  structure 
to  retain  Ite  circular  shape. 

(3)  Negative  pressures  may  occur  In  the  structure 
during  the  negative  phase  of  the  blast  overpressur?.  Tensile 
resistance  may  be  required  or  the  reaction  to  the  e-dden  *  ppll- 
cation  and  release  of  the  load  may  cause  an  elastic  relK)UQ&  In 
the  concrete  necessitating  tensile  strength.  Such  an  action 
could  cause  a  uniform  shattering  of  the  material  or  more  likely, 
an  enlargement  of  cracks  which  may  have  formed  during  the  Ini¬ 
tial  loading  phase. 


Nuclear  and  nondestructive  tests  confirm,  by  the  re¬ 
sponse  of  the  roructure,  the  deformation,  and  the  cracking,  that  the 
structures  do  respond  In  both  flexural  and  compressive  modes  and, 
consequently,  require  flexural  steel  reinforcing.  The  mechajiical 
properties  of  the  section  studied  In  these  tests  are  set  forth  as  a 
basic  structure  for  a  30-psl  slde-on  overpressure  region.  This  sec¬ 
tion  vlthst  lod  126-psl  slde-on  overpressure,  during  which  t^-lnch 
cracks  were  formed  at  the  quarter  points.  At  5^-pai  elde-on  over¬ 
pressure,  the  cracks  were  slight  and  no  deformation  occurred.  A 
cracked  section  causes  a  reduction  in  the  resistance  of  the  struc¬ 
tural  section  to  subsequent  nuclear  blast  loadings.  Later  response 
would  have  a  tendency  to  be  In  the  flexural  mode.  This  fact  vnr- 
tlally  confirmed  by  nondestructive  testing.  On  this  basis  and  the 
desirability  of  a  factor  of  safety,  a  reduction  of  strength  of  the 
tested  section  for  the  ^-psl  region  of  design  was.  not  considered 
Justified  by  the  empirical  tests  of  the  presented  culvert  section 
(Pig.  18). 

The  section  shown  In  Pig.  18  Is  of  lees  strength  than 
that  specified  by  American  Society  of  Testing  Materials  (A8TM  Desig- 
lAtion:  C76-57T)  design  requirements  for  Class  I  reinforced  con¬ 
crete  pipe.  The  other  ASTM  specifications  for  reinforced  concrete 
pipe,  Classes  IT  through  V,  provide  still  greater  strengths.  Rein¬ 
forced  concrete  pipe  Is  graded  by  strength  from  a  loading  test.  The 
results  of  this  test  are  expressed  in  pounds  per  linear  foot  per 
foot  of  diameter  as  the  D-load  to  produce  a  0.01-inoh  crack"  and 
the  "D-load  to  produce  the  xiltlaate  load."  The  testing  procedure 
for  acquiring  these  "D-loada"  is  shown  in  Pig.  19.  The  identical 
tested  structures  idtleh  withstood  loadings  adequately  from  one  nu¬ 
clear  blast  up  to  126-pel  slde-on  overpressure,  bad  D-load  to  pro¬ 
duce  a  0.01-lnch  crack  of  7^0  (pounds  per  linear  foot  per  foot  diam¬ 
eter)  and  0-load  to  produce  the  ultimate  load  of  1.100  pounds.  The 
respective  D-loads  for  Class  I  pipe  arc  600  end  1>20C  pounds  j  for 
Class  XI,  1,000  and  1,500  pounds;  for  Class  III,  1,350  and  2,000 
pounds;  for  Class  IV,  2,000  and  3,000  pounds;  and  for  ulass  V, 

3,000  and  3,7^0  pounds. 

V/hen  reinforced  concrete  pipe  le  available  and  the 
method  of  manufacture  le  not  known,  the  D-loade  should  be  determined 
by  teet  on  a  cample  eeetlon.  Ae  the  computation  of  the  D-load  pro- 
vldee  for  the  effect  of  varying  etrengthe  for  different  diameter  eee- 
tlone,  those  pipe  sections  which  meet  750-  and  1,100-pound  D-lo.4ilugs 
for  a  0.01-inch  crack  and  ultimate  load,  respectively,  may  be  ''oneld- 
ered  adequate  for  50-pBl  slde-on  overpressure.  Thla  fact  Is  true  In 
horizontal  structure  or  In  vertical  entrance  employment  for  all  dlam- 
etera  of  a  section.  Provielon  for  stronger  sections  close  to  the 
axirface  le  not  considered  n^oeesary  because  of  the  probable  reduced 
magnitude  of  flexural  action  when  the  shock  Is  traveling  parallel  to 
the  longitudinal  axis  of  a  vertical  entrance  section. 


Tig  l8.  Tssted  clrculir  concrete  seetlou.  Ae  aeetloa  eSilcli  eet  staodai'd  Spec! 
ficetion  ASM  73-35  tons  per  fbot  of  Icsgth. 


rif*  ^9*  t«at  for  eiroular  coneroto  Motioi 


d.  Tlifcor.  Llaltod  toats  nav*  been  node  In  whl 
tlsfcor  itniuturea  bar*  be«n  aubjected  to  nueleor  blaat  load 
tbs  point  of  cooplata  ooUapaa.  Failure  of  atructur&l  rool 
hna  bean  In  both  tanalla  and  oospraaalve  nodaa  In  banding  a 
tootal  abaar.  Tba  banding  fallura  pradonlnataa  only  on  tba 
of  tba  apana  taatad,  that  la,  9  f*at.  Tba  abaanoa  of  eoapl 
data  and  Infonation  by  vhleb  a  fully  proved  r^lrloal  daul 
■ay  ba  foraulatcd  la  Insufficient  amwa  to  r*  ]«ot  tba  advan 
tlBibar  strocturaa  for  protective  eonstrurtlcD . 

Tlidiar  la  oonatructlon  matarlaO.  whleb  la  rea 
vorkad  ana  aasesAjlad  with  field  tools  and  without  heavy  111 
aqulpiaent.  It  la  generally  available,  la  familiar  to  fleU 
atructlon,  and  provides  many  aide  advantages  lor  military  v 


Fl«.  19.  0-load  taat  for  ciroulai^  uonorata  aaet^osa. 


d.  Tiifcer.  Lialtad  taata  bava  bean  oada  In  vbion  buried 
tldbar  atrueturea  iw«a  baan  aubjeotad  to  nuolaar  bleat  loading  up  to 
tba  point  of  coaqpleta  eollepaa.  Failure  of  atruetural  roof  membara 
hea  bean  In  both  tanalla  and  eoapraaalva  aodae  In  bandlD«  and  bori- 
lootal  ataaar.  Tba  banding  failure  pradoalnataa  only  on  the  longaat 
of  tba  apana  taatad,  that  la,  9  fbat.  Tba  abaanoa  of  ooaplata  taat 
data  and  Informtlon  by  ahlbb  a  fully  proved  anplrloal  daulgn  ayatam 
■ay  ba  foxwilatad  la  Inaufflelant  eauac  to  rajaot  tbe  advaut^gae  of 
tlaibar  atrueturea  for  protaotira  conatrurtlon. 

Tlaiber  la  eonatruetlon  natarial  wbleb  la  readily 
worked  and  aaaei^lad  with  field  woola  and  without  heavy  lifting 
aqul^nt.  It  la  generally  avalleble,  la  fanlllar  to  field  con- 
atructlon,  and  provides  many  aide  advantages  for  military  utilization. 


Timber  has  a  high  dynamic  strength  and  a  flexibility,  both  In  the 
Individual  members  and  In  assembly.  It  has  a  hlg^ -energy  absorption 
past  Initial  yield  or  cracking,  which  can  allow  a  strxicture  to  re¬ 
main  usable  after  conditions  of  failure.  This  high  dynamic  strength 
and  long  "plastic"  yielding  range  of  a  structure  assembly  after  par¬ 
tial  failure  Is  especially  advantageous  for  the  short-term  Initial 
high  peak  loads  Imposed  by  blast  pressures.  Thus,  although  a  design 
should  avoid  yield  (for  example,  cracking  In  horizontal  shear)  under 
the  design  overpressure,  the  resulting  structure  would  provide  pro¬ 
tection  for  much  higher  overpressures  on  a  one-time  basis.  After 
yielding  and  deformation  has  occurred,  however,  the  resistance  to 
subsequent  blast  overpressures  would  be  greatly  reduced. 

Because'  of  the  variety  of  timber  emp!3yed  for  struc¬ 
tural  pur.Mses,  a  design  based  on  one  set  of  allowabla  stresses 
might  be  overeonservatlve  or  unsafe  If  another  type  of  tloiber  is  em¬ 
ployed  In  construction.  Strength  properties  of  eoanon  structural 
woods  are  presented  as  Table  II .  Military  working  stresses  for 
Douglas  fir  and  southern  pine  are  as  shown  here.  (Cf.  Field  Manual 
$-3U,  Section  VII.) 

Bending:  2,400  psl 

Shear  parallel  to  th4  grain:  1^  psl 

Bearing  perpendicular  to  the  grain:  ^00  psi 

Modulus  of  elasticity:  1,600,000  pel 

The  procedure  used  for  design  is  to  select  representa¬ 
tive  values  of  allowable  stresses,  correct  these  values  for  impact, 
and  develop  an  appropriate  design  procedure  which  may  be  altered  to 
suit  the  strength  characteristics  of  a  different  variety  of  tlMber. 

This  design  of  timber  Installations  is  baaed  upon 
fully  buried  structure  placement,  50-psl  slde-on  overpresewe  at 
surface,  and  average  values  for  allowsble  extreme  fiber  strees  and 
la  horizontal  shear.  Computations  arc  based  on  these  averages:  An 
allowable  f'.ler  stress  of  2,000  psl  In  bending;  and  a  horlzonte') 
shear  stress  of  130  psl.  The  strength  of  t^er  varies  to  such  an 
extent,  dependitig  on  type  of  wood,  grade,  and  condition,  that  the 
results  obtained  In  the  presented  structures  should  be  verified  as 
to  applicability  for  field  use.  Permissible  spans  or  timber  thick¬ 
nesses  may  be  varied  by  recomputation  of  span  or  depth  criteria  for 
luiber  of  varied  etrengthe.  Simply  supported,  uniformly  loeded  beam 
conditions  are  ueed.  Design  is  based  on  e  l-fuich-wlde  eectlon  of 
depth,  h;  clear  span,  L;  and  e  uniform  dynamic  load  of  w  (psl). 

The  allowable  stresses  are  raised  by  100  percent  to  allow  for  the 
increased  resistance  of  timber  to  Impact  loading,  resulting  In  a 
design  f,  extreme  fiber  stress  In  be’o'lng,  of  4,000  psl,  ard  H, 
horizontal  shear  stress  (shear  parallel  to  the  grain),  of  260  psl. 

The  validity  of  this  assumption  with  retention  of  a  factor  of  safety 
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may  be  checked  by  reference  to  the  Impact  stresses  In  Table  II.  The 
following  expressions  are  used  to  detemlne  span  euid  depth  relations: 


in  which 


V  m  total  vertical  shear  at  distance  h  from  support 
b  ■  breadth  of  beam  equal  to  1  Inch 


6M 


bh** 


in  which 


M  ■  maximum  bending  moment,  taken  equal  to  1/8  wL^ 


Roof  sections  are  designed  for  full  side-on  overpressure  (50  psi); 
and  vertical  walls  are  designed  for  one-half  side-on  overpressure 
(25  pel).  This  va'.ue  presupposes  less  than  ideal  backfill  condi¬ 
tions.  Ifuolear  tests  have  indicated  vertical  wall  pi-etsures  may 
range  from  25  percent  roof  pressure  under  excellent  (highly  com¬ 
pacted)  backfill  conditions  to  100  percent  roof  pressure  with  a 
water-saturated  backfill.  The  overpressure  valuee  have  been  em¬ 
ployed  as  w  in  the  following  relations; 


Horizontal  shear: 


H  •  160  • 


2h 


h  ■  mininnai 


w  ■ 

Flexure : 


w  ■  50  pci 

25  psi  h  ■  minimum 


uooo.2L.oJ5^ 

bh^  h** 


WS3^ 


w  •  50  p«l 


h  ■  nilntmiHi 


V  ■  25  psl  h  >  1^3  miolmvB 

Ths  results  Just  given  provide  design  criteria  that  the  span  mut 
not  exceed  6-3A  of  depth  for  50~pb1  loads  or  12-1/2 

Inches  per  Inch  of  depth  for  vertical  vail  sections.  Variations  In 
these  design  criteria  sMy  he  made  by  substituting  for  H  and  f  other 
working  stresses  fdr  the  actual  timber  employed. 

The  design  criteria  developed  here  were  used  for 
structures  (figs.  20  and  21)}  for  selection  of  tldber  for  the  end 
wall  (Fig.  18)}  and  fbr  entirance  shafts  (Figs.  22  and  23). 

Use  of  Itaiber  la  samlprrBanent  underground  construc¬ 
tion  requires  moisture.  Insect,  and  decay  protection.  ZMUber  which 
has  been  treated  with  a  petroleum-based  preservative  by  a  pressure 
process  nay  be  employed  In  direct  contact  with  the  backfill.  The 

rsiFbSNTiNueus  feonrrMue 


Fig.  20.  Basic  tlhber  structure t  wli^th  of  passage. 


Uo 


BOLTS  Vf"XIO“ 
I  EACH  TIitIBEK 


Vlg.  22.  Tlai'sr  shaft 


VERTtCAL  timbers 


feet  by  3i  feet. 


odor  of  aooe  of  these  preservatives  may  be  objectionable,  particu¬ 
larly  In  a  sleeping  or  long-duratlcn  shelter  or  In  a  structure  with¬ 
out  forced  ventilation,  when  they  are  used  for  the  basic  structure, 
end  wall,  or  sheathing.  A  cut  cross  section  of  the  lissber  should  be 
examined  for  preservative  penetration,  with  the  possible  requirement 
that  all  cut  surfaces  be  given  additional  protection.  Ihe  non- 
patroleum-based  preservatives  In  common  use  are  water  soluble;  con¬ 
sequently,  these  must  be  provided  additional  moisture  protection 
(for  example,  by  special  painting  In  the  field)  to  insure  retention 
of  the  insect  protection.  The  most  extensively  used  water  soluble 
wood  preservative,  zinc  chloride.  Is  relatively  Inexpensive,  Is 
odorless,  holds  paint,  and  presents  no  fire  hazard.  Sodium  fluoride, 
to  zinc  chloride,  Is  similarly  acceptable,  but  Is  not  In  extensive 
use.  Principal  water  soluble  preservatives  such  ns  arsenic,  aier- 
euric  chloride,  and  copper  sulphate,  in  use  In  and,  x'y  eume 

extent.  In  the  United  States, are  not  suitable  for  underground  con¬ 
struction.  Arsenic  and  mercuric  chloride  are  poiBor.ous,  and  mer¬ 
curic  chloride  and  copper  sulphate  corrode  Iron  and  steel. 

Oeadmen  should  be  petrolexod-base  treated  or  heavily 
coated  with  an  asphalt  or  tar.  Exterior  sheathing  timber  should  be 
insect  and  decay  resistant  and  be  protected  by  a  waterproof  covering 
of  roofing  or  paint.  Interior  structural  menbers  should  be  made  in¬ 
sect  resistant  by  preservatives  or  by  thorough  painting  and  shield¬ 
ing.  Pootlngs  sLmuld  be  giver,  protection  equivalent  to  that  pro¬ 
vided  for  deadmen.  Oenerally,  the  ground  over  the  structure  shooM 
have  good  drainage  away  from  the  area. 

Lvoiber  may  be  employed  as  an  alternative  construction 
material  to  straight  corruji^ted  steel  plate  for  sheathing  end  walls 


1+2 


and  some  basic  structures .  Table  III  specifies  thickness  selection 
for  the  lumber  alternate  end  is  based  upon  an  allowable  fiber  stress 
of  2,000  pol  in  bending. 

Table  III.  Comparison  of  Corrugated  Steel  and  Lumber 
As  Sheathing  Materials 


(a) 

Corrugated  Steel  Sheet 

Lutiicier 

Oage 

U.S. 

Std. 

Thickness 

(in.) 

Area^^^ 

(ih.2)_ 

Section 
Modulus 
(in. 3) 

MsLXlmum 
Moment 
.in. -lb  ^ 
'in.  width’ 

Thickness  of 
Luniber  to  Provide 
Equivalent 
Strength'*'  (in.) 

12 

0.’0U6 

0.1297 

0.0574 

1550 

2  -  3/16 

10 

0.13*»5 

0.1669 

0.0732 

1970 

2  -  1/2 

P 

0.1641+ 

0.2041 

0.0888 

2400 

2  -  3/4 

7 

0.1838 

0.2283 

0.0009 

2660 

2  -  7/8 

5 

0.2145 

0.2666 

0.1147 

3100 

3  -  1/16 

3 

0.2451 

0.3048 

0.1303 

3520 

3  ■  lA 

1 

0.27:;8 

0.3432 

0.1458 

3930 

3  -  1/2 

(a)  Standard  heavy  eorruf^tlon  pattern:  2>inch  depth  with  6-inch 

pitch. 


(b)  Per  Inch  of  horizontal  projection. 

(c)  Maximum  fiber  atress  used:  Steel  27>000  pal 

Lualber  2,000  pal 

(d)  Based  on  same  average  stresses  as  those  used  in  design  for 
timber  basic  structures. 


10.  End  Walls.  End  walls  are  designed  so  that  they  do  not 
restrict  or  determine  the  level  of  blast  effects  a  structure  ceui 
withstand  without  failure.  To  fulfill  these  conditions  an  end  wall 
must  be  capable  of  withstanding  surface  sldc-on  overpressures  higher 
than  those  at  which  the  basic  structure  will  fall.  Furthermore,  It 
must  not  place  loads  upon  the  basic  structure  which  will  Increase 
the  overall  vulnerability.  Desirable  characteristics  of  an  end  wall 
are  ease  of  construction;  constn+ctlon  by  readily  available  or 
easily  transported  materials;  ability  to  provide  access  to  the 
jaslc  stxoKture  for  entrances,  alcoves,  and  utilities;  snd  ability 
to  yield  to  unusual  loading  conditions  without  complete  failure 
(high-energy  absorption  after  Initial  yield).  End  wall  designs 
which  employ  the  results  of  nuclear  or  high  explosive  tests  are  ae- 
veloped  or  presented  here. 


a.  Deadnian»3upported  End  Wall.  An  apparent  solution  to 
av^ld  weakening  of  the  basic  structure  by  an  Imposition  of  forces  by 
the  end  wall  Is  to  design  the  end  wall  to  act  Independently  of  the 
structure.  The  prime  purpose  of  an  cad  wail  Is  to  provide  an  Inte¬ 
gral  restraint  to  earth  Infiltration  into  the  structure.  Thus,  such 
an  end  wall  must  provide  a  seal  against  the  earth  action,  yet  be  In¬ 
dependently  supported.  An  end  wall  of  this  type  would  be  used  with 
a  flexible  basic  structure  such  as  the  corrugated  steel  and  timber 
sections  which  have  restricted  capacity  to  wlthste.^  longitudinal 
loads. 


The  designs  of  the  enclosed  end  walls  (Figs.  24 
through  26)  employ  sheathing  to  hold  the  earth-transmitted  pressures, 
a  frame  for  transferring  the  load  fiom  the  sheathing  to  the  connec¬ 
tions  from  the  deadnen;  and  deadmen  and  footing  for  horizontal  re¬ 
straint.  As  shown  In  the  figures,  various  materials  may  be  used  for 
the  sheathing,  the  frame,  and  the  deadmen.  Knd  walls  of  construc¬ 
tion  and  materials  similar  to  the  designs  have  withstood  nuclear 
blast  surfac:  slde-on  overpressures  up  to  100  psl.  The  empirical 
results  of  nuclear  teste  have  shown  that  the  capacities  of  deadmen 
under  such  dynamic  loading  far  exceed  those  computed  from  static 
procedures  and,  consequently,  the  deadmen  design  Is  based  solely 
t^on  these  tests.  Specifically,  the  deadmen  have  been  deslgaod  to 
provide  a  bearing  ^rea  and  resistance  to  tie  rod  withdrawal  that 
make  the  strength  of  ths  tie  rod  the  critical  eleswnt  of  the  re¬ 
straint  system. 


With  the  exception  of  the  deadmen  and  the  employment 
of  dynamic  yield  stresses,  the  end  wall  design  is  based  upon  a  large 
equivalent  horizontal  pressure.  The  pressure  depends  on  factors  of 
earth  berm  configuration  for  semiburled  structures,  side-on  over¬ 
pressure  at  the  grotand  surface,  and  type  and  compaction  of  the  coil 
backfill.  Theoretical  approaches  state  that  the  preBSure  upon  a 
vertical  fully  burled  wall  should  be  taken  ns  one -fourth  the  aide -on 
overpressure  for  backfills  of  eoheslonless  soils,  either  deisg^  or  dry; 
one-half  the  slde-on  overpressure  at  surface  for  backfills  of  cohe¬ 
sive  soils,  not  saturated;  end  ae  hi^  as  full  slde-on  overpressure 
for  fully  ssturated  sells  with  the  water  table  close  to  the  surface. 
The  Importance  of  backfill  selection  and  placement  and  of  structure 
placement  in  a  well -drained  area  is  emphasized  by  these  coefficients. 
To  allow  for  variation  in  the  backfill  and  to  prmvlds'a.  BtiiMCture.Mie 
strength  of  which  Is  not  limited  by  a  critically  designed  end  wall 
a  factor  of  one-balf  the  slde-on  overpr>iBBure  at  the  surface  iiae  Leen 
eBg)loyed  for  those  end  walls  not  based  on  test  results. 

b .  Structure  and  Deadman -Supported  Ind  Wall.  Concrete 
structures  and  flexible  structures  of  relatively  bikj’I  cr«ss  sec¬ 
tional  ares  may  employ  end  walls  tdilch  bear  longitudinally  upon  the 
bailc  structure  without  materially  reducing  the  strength.  Such 


Tig.  2^.  l>.»idflHi-«upported  «a&  wall  for  stnertirM  op  to  15-fioot  ro&lus. 
de'idaBii  airport. 


w-mq^rtcd  eD&  imlU  tar  stnacrtnres  19  to  I5-fbot  ndliw 
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?!«.  26.  Sid  wall  footlnf  detail*. 


end  valla  oay  be  of  reinforced  concrete >  tli^er,  or  corru38t<>d  steel. 
Corrugated  steel  or  wood  abeathed  end  valla.  In  gnerH'',  voold  re¬ 
quire  a  steel  or  timber  freailng.  Wide  spans  of  tlAer  oa^r  also  be 
fraaed.  Sid  vails  representing  all  of  the  types  imtlonad  here  have 
suetsessfuUy  vlthstood  nuclear  blast  surface  stde<on  overpressures 
of  over  100  psl.  Ibese  estplrlcal  results  have  been  used  to  design 
end  walls  llli«trated  In  Figs.  10  ,  29,  30,  40,  51,  53-  Tbe  end 

vail  In  Fig.  18,  es^loyed  with  a  circular  concrete  st.'O'ture,  nay  be 
used  with  Identical  placenent  and  bracing  for  eorrugatid  steel  cir¬ 
cular  and  cattle  pass  sections  iqp  to  6  feet  la  disaeter.  nie  entire 
deadsMU-supported  end  vail  (Fig.  24),  for  structures  with  radii  of 
10  feet  or  less  ary  be  enqployed  as  a  structure-supported  end  vail 
'Tlth  similar  bracing,  sheathing,  deadaan,  footings,  and  tie  rods  fox- 
strxictures  with  radii  of  13  feet  or  more. 

Structures  of  12^-foot  radius  bavs  been  tborooghly 
tested  employing  structure -bearing,  tlaber-fraaed,  and  deadman- 
supported  end  walls  (Fig.  27).  Other  end  vail  deadman  details  are 
shown  ir  Fig.  28.  Similar  end  walls  may  be  used  for  rectangular  and 


semicircular  structures  with  heights  oi'  radii  equal  to  dr  less  thain 
12^  feet.  A  double  horizontal  beam  frame  with  two  banks  of  tie  rods 
(Fig.  25)  should  be  used  In  structure -bearing  end  mils  for  rectangu¬ 
lar  structures  with  heights  13  feet  or  more. 

Selection  from  the  designs  presented  for  deadman- 
supported  and  structure-  and  deadman- supported  end  wlls  for  a  given 
bario  structure  design  depends  on  the  cross  eectional  area  the 
basic  structure;  the  material  of  construction;  additional  second¬ 
ary  design  requirements  placed  upon  the  end  wall  (such  as  provision 
of  a  means  of  access);  and  materials  available  for  end  wall  con¬ 
struction.  A  summary  of  the  designs  and  their  principal  use  Is  pre¬ 
sented  In  Table  IV  for  selection  guidance. 

Earth  at  Angle  of  Repose.  Basic  strtieturee  with  low 
heights  and  certain  entrance  configurations  may  ei^loy  an  end  wall 
which  consists  of  compacted  earth  placed  at  Its  angle  of  repose. 

This  t^pe  of  end  wall  has  the  ad.antage  of  providing  a  means  of  en¬ 
trance  to  the  structure  free  of  shear  and  differential  settlement 
forces  and  avoids  the  use  of  a  constructed  end  wall.  Disadvantages 
are  related  to  the  undesirability  of  an  open  earth  ftce  and  the 
necessity  for  a  much  longer  basic  structure  to  provide  required 
floor  space.  The  earth  en<*  wall  has  not  been  tested  iinder  over- 
pressures  from  nuclear  detonations,  but  with  Its  use  some  of  the 
adverse  effects  that  rigid  end  walls  have  had  on  basic  structures 
In  such  tests  would  be  avoided. 

Design  of  the  end  wall  Is  to  be  aceoj^llshed  In  the 
field  by  determining  the  angle  of  repose  of  the  earth  (dry)  to  be 
employed.  This  Is  the  end  wall  slope,  even  though  batting  or  sand¬ 
bags  may  be  used  to  provide  a  dry  wearing  surface.  The  top  of  the 
earth  fill  must  extend  at  least  2  feet  Inside  of  the  end  of  Ibo 
structure.  This  tj-pe  of  end  wall  Is  shown  In  Fig.  h9.  Condi -Ions 
which  would  favor  the  use  of  such  on  end  wall  may  be  the  absence  of 
aul table  construction  materials;  time  limitations  coupled  with  a 
basic  stnicture  of  prefabricated  and  rapidly  placed  material; 
necessity  for  avoiding  shear  forces  on  utility  lines  entering  the 
structure;  or  construction  by  tunneling  instead  of  cut-and-oover 
methods . 

11,  Entrance  Configurations.  Entrance  configurations  are  In¬ 
cluded  as  components  requiring  design  consideration  exclusive  of  the 
materials  of  construction  or  the  type  and  foundation  of  closuies. 
Katerlals  are  selected  from  the  basic  strxJcture  section  prasented. 
Therefore,  the  plane  provide  some  lllusti'atlon  of  the  structure  de¬ 
sign  procedures .  The  principal  consideration  In  tbs  design  of  en¬ 
trance  configurations  Is  the  extremely  nigh  reflected  pressure  that 
la  developed  upon  surfaces  that  obstruct  the  passage  of  the  shock 
wave  upon  the  ground  surface.  Figure  1  Illustrates  the  amplification 


n 


Sultaljle  ead  walls  are  listed  In  the  order  in  wblcb  tfaetr  use  sbould  be  ecswldemd.  Ktoiktag  is  based  on  ease  of 
construction  and  nature  of  probaMe  ^esnonse  in  failure  caused  cjr  eztroae  overpressures. 
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of  overpressure  upon  reflection  from  surfaces  at  varying  angles  of 
incidence.  Entrances  that  have  the  closure  flush  with  the  hori¬ 
zontal  surface  avoid  the  development  of  pressures  greater  than  those 
Of  the  side-on  overpressure.  Variation  occui-a  when  an  entrance  clo¬ 
sure  may  not  be  completely  flush  to  the  surface  because  of  design 
and  mechanical  considerations.  For  example,  the  hinges  and  rJ.'os  on 
the  closure  may  reflect  the  blast  w&ve  so  that  the  resultant  average 
pressure  on  the  closure  is  greater  than  the  slde-on  overt' e^nsure. 
Some  modifications  made  -to  tested  olos’ores  In  paragraph  !£,  "Blast 
Resistant  Closures  and  Frames,"  are  based  on  the  avoidance  of  loca¬ 
lized  reflected  pressures.  In  addition,  it  Is  desirable  to  have 
vertical  entrance  so  that  the  passage  to  the  closure  may  be  normal 
to  the  ground  surface.  Structui'e  close  'bo  the  surface  should  be 
kept  to  the  minimum  length  possible.  The  entrance  passage  Is  pri¬ 
marily  subjected  to  horizontal  (lateral)  earth  pressiire  loadings 
which  are  on  the  order  of  one-fourth  to  one-half  the  magnitude  of 
the  overpressure  developed  on  a  horizontal  surface  at  the  same  depth. 

Other  oonalderatlons  are  necessary  when  a  horizontal  en¬ 
trance  section  Is  specified.  Under  these  conditions,  an  entrorce 
configuration  must  be  employed  so  that  the  basic  structure  is  fully 
burled  (for  example,  a  entrance)  or  has  an  earth  berm  suffi¬ 
cient  to  create  fully  bur’sd  conditions.  Furthermore,  the  Initial 
entrance  ttectlon  from  the  closure  requires  speclad  design  considera¬ 
tions  for  ref.lected  overpressure  developed  upon  the  berm.  Maximum 
earth  cover  over  this  section  Is  deuirable.  The  'ise  of  vertical 
shafts  and  lifting  equipment,  therefore,  should  be  thoroughly  In¬ 
vestigated  prior  to  the  design  of  emy  upstanding  closure  and  accom¬ 
panying  horizon'tal  passage. 

Blast  closures  in  series  are  desirable  in  personnel  enel- 
ters.  Reliance  on  a  single  closure  could  be  dlseotrC'Us  If  't  were 
open  at  the  arrival  of  a  blast  wave.  Single  cloaurcs  should  bo  em¬ 
ployed  only  on  nonpersonnel  shelters  or  on  emergency  shelters  where 
the  occupants  of  the  shelter  are  well  drilled  In  structure  utiliza¬ 
tion  A  high  degree  of  training  must  be  maintained,  even  with  tne 
use  of  two  personnel  blast  closures,  to  ensure  continuous  protection. 
IWo  blast  closures  are  ineffective  unless  a  signal  procedure  is 
planned  or  a  giiard  Is  present  to  see  that  no  more  than  one  closure 
Is  ever  open  at  one  time.  In  addition,  a  double  clostire  configura¬ 
tion  cotLld  provide  a  well-isolated  radlaulon  decontamination  area. 
Such  considerations  should  be  taken  into  accoxint  when  a  selection 
Is  made  from  the  various  entrance  configurations. 

Different  entrance  configurations,  with  the  designs  ■to  be 
employed  in  the  selection  of  the  materials  of  construction,  are  pre¬ 
sented  here.  The  selection  of  a  specific  entrance  configuration  de¬ 
pends  or  the  type  of  structure  and  tho  materials  available.  The 
degree  to  which  the  entrance  configuration  selection  is  dependent  on 
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structure  use  is  such  that  entrance  configuration  Is  treated  both  as 
a  structural  component  and  as  a  utility  to  be  selected  directly  from 
the  struct’jure  utilization  guide. 

a.  Vertical  Tube  to  Horizontal  Passage.  The  greatest 
resistance  to  nuclear  blast  overpressure  is  obtained  by  the  use  of 
a  blast  closure  flush  with  the  ground.  In  conjunction  with  a  small- 
diameter  vertical  tube  passage,  leading  to  a  horlx  ".tal  circular  one. 
This  entrance  conflgiiratlon  has  been  tested  using  various  structural 
materials  at  overpressures  up  to  l^O-psi  slde-on  overpressure  without 
damage.  The  configuration  shown  In  Fig.  29  Is  an  adaptation  of  ths 
tested  designs  to  provide  a  transition  between  the  vertical  tube  wid 
the  horizontal  passage.  This  plan  permits  more  rapid  entry  or  exit 
than  is  possible  with  the  designs  tested  in  the  field.  A  variation 
of  this  design  and  one  des  an  air  lock  is  shown  in  Fig. 

30.  The  illustrated  configurations  are  examples.  Their  dlmensicns 
may  be  varied  to  permit  additional  use  of  the  horizontal  section  or 
to  allow  passage  of  largei  items  through  the  vertical  tube.  Selec¬ 
tion  of  the  end  wall  for  the  horizontal  section  should  be  the  same 
as  that  described  for  the  basic  structure  in  the  preceding  section. 

Variations  from  the  illustrated  section  may  be  made 
by  the  substitutir  .>  of  circular  prefabricated  concrete  for  either 
horizontal  or  vertical  sections  or  by  the  use  of  timber,  such  as  is 
shown  in  Figs.  20  and  22.  Small-diameter  or  specially  designed 
basic  structures  ms^  employ  a  vertical  section  which  enters  directly 
into  the  structure.  Such  a  vertical  tube  would  be  as  shown  in  Fig. 
29.  Use  of  this  tube,  however,  is  undesirable  in  any  personnel 
shelter  because  of  the  high  initial  xadlation  permitted  by  the  con¬ 
figuration.  A  variation  of  the  safety  steps  could  be  a  straight 
steel  bar  placed  as  shown  for  the  emergency  exit  (Fig.  32).  The 
steps  may  be  placed  after  construction  and  secured  by  nuts  or  welds. 

k.  Vertical  Shaft  to  Horizontal  Passage.  A  vertical 
shaft  is  the  best  blast  resistant  means  of  providing  entry  to  a  pro¬ 
tective  structure  for  passage  of  bulky  equipment.  If  possible,  a 
large  rectangular  or  circular  shaft  should  be  used  in  lieu  of  a 
horizontal  entrance  from  the  surface.  A  large  pressure  reduction 
is  obtained  for  blast  closure  design  by  not  using  a  horizontal  en¬ 
trance.  A  suitable  rectangular  vertical  shaft  construction  is  il¬ 
lustrated  in  Fig.  23.  Use  of  such  sections  in  ccnjunctinii  with  a 
horizontal  passage  is  shown  in  Fig.  3I.  The  horizontal  section  «r<iy 
be  of  any  compatible  design  or  material.  A  corrugated  sine!  vf^i- 
cal  shaft  is  shown  in  the  design  of  an  air  filtex-generator  alcove 
(Fig.  U8). 


c.  Horizontal  Entry  from  Surface.  A  horizontal  entry 
leading  by  a  passage  or  ramp  to  the  basic  ctructvire  is  inadvisable. 
Such  an  entry  should  be  considered  only  when  the  utilization 


Fig.  30.  Kntrance  configuration  with  a  separate  air  lock. 
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requirements  of  the  structure  require  vheeled  vehicle  access.  Ex¬ 
terior  walk-througii  personnel  hatches  of  a  size  sufficient  to  with¬ 
stand  the  probable  reflected  overpressures  are  so  massive  that  hand 
operation  Is  extremely  difficult.  The  doors  would  weigh  600  pounds 
or  more  and  would  be  subject  to  Jaaming  or  blocking  as  a  result  of 
blast  action  or  accumulation  of  debris. 

For  the  sltxiatlons  where  the  use  of  ..  horizontal  en¬ 
trance  is  unavoidable,  the  entrance  section  must  be  designed  to 
withstand  the  reflected  pressures  developed  on  the  berm  flanking  th^e 
door.  In  addition,  the  thrust  of  the  door  frame  foimdation  muet  be 
resisted  either  by  the  entrance  section  or  by  a  separate  bearing 
frame.  Except  for  reinforced  concrete  sections,  it  is  recomended 
that  a  separate  bearing  frame  be  used. 

The  increase  in  pressure  caused  by  reflection  on  a 
vertical  face  in  the  line  of  the  blast  wave  is  indicated  in  Fig.  1. 
For  90-pai  side-on  overpressure,  a  reflected  pressure  of  about  200 
pel  nay  be  developed.  The  selection  of  circular  or  arch  corrugated 
eteel  sections  from  the  design  graph  (Fig.  11)  should  be  based  on 
the  reflected  overpressure.  The  graph  is  valid  for  extension  of  the 
side-on  overpressure  scale  beyond  100  psi,  the  limit  shown.  A  reed¬ 
ing  for  200  psi  oc.ad  be  nsde  by  "folding"  the  vertical  scale.  In 
operation,  a  plot  could  be  snde  for  200  pel  divided  by  10  or  20  psi, 
for  the  applicable  radius  structure.  A  4$^  line  would  then  be  drawn 
to  the  right  and  down.  At  the  intersection  with  the  lO-psl  line,  an 
ordinate  would  extend  the  point  to  the  100-psl  line  to  specify  the 
required  thickness  of  steel.  For  a  horitontal  entrance  from  the 
surface,  the  cattle  pass  section  should  be  designed  using  as  the 
radius  for  entry  into  the  chart,  the  actual  radius  of  the  long  are 
segment  at  the  side  of  the  section  (Fig.  13  and  Table  Z). 

Illustrations  of  borisontal  entrance  configurations 
are  given  in  connection  with  door  freme-s\qn70i^^  foundations  (Figs. 
kU  and  k5).  The  increased  pressures  from  reflection  of  the  blast 
wave  necessitate  use  of  small  cross  sectional  passage  areas  and  en¬ 
courage  the  use  of  light,  hand-pushed  rail  oars  on  removable  track 
and  similar  equipment  to  transport  heavy  objects. 

The  general  vulnerability  to  initial  radiation  of  a 
straight-in  entrance  section  from  the  ground  surface  makes  the  basic 
structure  unsuitable  as  a  personnel  shelter.  The  hi|^  risk  cf 
ming  a  relatively  large  door  reqxilres  that  a  structure  em;loyl:;4 
such  an  entrance  possess  a  separate  vertical  entrance. 

d.  Entrance  throuah  an  Exposed  End  WaOl-  There  aw  a 
few  reasons  for  which  direct  entrance  from  the  surface  into  the 
s:.ructure  through  an  exposed  end  wall  may  be  necessary.  Space  limi¬ 
tations  or  construction  of  storage  for  high-priority  hardware  in 


rock  may  require  such  an  installation.  Othen'lae,  a  6epa.*ate  and 
independently  acting  entr.irjce  passage  to  the  structure  should  be 
used.  Principal  adverse  effects  of  an  entrance  through  an  exposed 
end  wall  are  the  extremely  high  initial  radiation  within  the  struc¬ 
ture  resulting  from  the  relatively  poor  shielding  of  the  closure; 
the  large  longitudinal  load  with  which  the  end  wall  bears  on  the 
structure  under  blast  loading;  and  the  problems  inherent  in  a  door, 
frame,  and  foundation  subjected  to  the  reflected  blast  ovc  . pressures. 
The  design  of  an  exposed  end  wall  has  not  been  made  a  subject  of  this 
study;  however.  Figs.  39  and  39  for  the  massive  door  and  an  exposed 
concrete  wing  wall  show  some  of  the  problems  involved  in  this  type  of 
entrance . 

e.  Filled  Tube  Emergency  Exit.  Any  structure  may  be 
provided  a  blast  proof  emergency  exit  by  the  use  of  a  corrugated 
pipe  filled  with  sand.  Such  installations  have  been  tested  with 
success  at  high  nuclear  blast  overpressures.  Illustrations  of  this 
type  of  exit  are  given  in  Figs.  32  and  33. 

Althouc^  corrugated  steel  is  recommended,  a  blast  re¬ 
sistant  emergency  exit  may  be  built  with  precast  concrete  pipe  or 
timber  shafts  filled  with  sand. 


In  operation,  the  emergency  exit  provides  a  means  of 
escape  without  requiring  full-scale  excavation.  Personnel  trapped 
by  partial  failure  of  the  principal  entrance,  for  exao^le,  by  Jam¬ 
ming  or  blocking  of  tbs  closure  may,  with  some  effort,  escape  from 
the  structure.  The  sand  is  shoveled  from  the  lower  end  of  the  emer¬ 
gency  exit  to  permit  gravity  evacuation  of  the  colvain  of  sand.  Care 
should  be  taken  in  selection  of  the  fill  to  prevent  packing  within 
the  column  which  would  hinder  removal.  Also,  silty  fines  co'old  fral 
the  air  wither!  the  shelter  during  the  removal  operution.  'Ih^  cross 
sectional  area  and  length  should  be  kept  to  a  minimisa  to  reduce  the 
amount  of  material  to  be  removed.  A  ladder  or  steps  should  be 
placed  within  the  pipe  to  ensure  exit,  to  avoid  tne  need  to  store  a 
ladder  in  the  shelter,  and  to  provide  a  means  of  access  to  material 
stuck  in  the  tube  during  evaciiation.  'iue  tbleknesa  of  com^ted 
steel  is  not  critical  if  the  fill  material  lo  well  tamped.  There¬ 
fore,  the  lightest  gaga  available  may  be  used.  A  frangible  water¬ 
proof  cover  should  be  placed  over  the  exterior  end  of  the  exit.  All 
occupants  of  the  shelter  must  be  acquainted  with  the  location  and 
operation  of  the  emergency  exit,  as  they  must  be  with  all  of  the 
operating  and  ems.'gency  equipment  of  any  shelter. 

12.  Blast- Resistant  ClosixreB  and  Frames.  As  with  the  entrance 
configurations,  the  orientation  of  blast  resistant  closures  In  crit¬ 
ical  in  determination  of  required  design  overpressure.  For  example, 
in  a  50-p'l  slde-Oij  overpressure  region,  a  vertical  exposed  face  may 
be  subjected  to  200  psl  upon  shock  wave  reflection,  while  a  horizontal 
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face  flush  vlth  a  level  surface  must  withstand  only  50  poi.  Exposed 
blast  closures  are  one  of  the  principal  sources  of  radiation  within 
a  atrueture.  The  air>Bupply  system  and  openings  from  a  bent  or 
loose  fitting  closure  are  the  main  soi’Tce  of  induced  or  fallout  post¬ 
shot  radiation.  A  horizontal  passage  leading  directly  from  a  walk¬ 
through  or  larger  door  into  the  basic  shelter  area  may  allow  lethal 
dosages  of  instantaneous  radiation  to  occur  within  a  structure  even 
with  a  satisfactory  earth  bem  shielding  the  remalrder  of  the  Instal¬ 
lation.  Similarly,  high  Instantaneous  radiation  may  be  admitted  di¬ 
rectly  to  a  structure  through  a  vertical  entrance  with  a  flush  blast 
closure.  This  source  of  radiation  Is  reduced  most  effectively  by 
the  use  of  small  blast  closures,  by  small-diameter  passages,  and  'jg 
offset,  or  otherwise  Indirect,  entrance  configurations.  Increasing 
the  thickness  of  the  blast  closure  Is  not  a  satisfactory  shielding 
solution  as  the  Increase  In  shielding  la  Insignificant,  and  the  In- 
ex«ase  In  weight  is  prohibitive  for  satisfactory  operation.  Clo¬ 
sures  presented  In  this  section  are  designed  solely  tor  overpressure 
resistance.  Those  for  flush  placeawnt  over  a  vertical  entrance  or 
for  backing  vqp  such  a  closure  have  been  designed  for  50  psi.  The 
walk-through  or  drive-through  closures  hrve  been  designed  for  200 
pai  (fig.  1).  Where  possible,  designs  have  been  employed  which  have 
been  proved  by  nuclear  blast  tests  upon  similar  or  identical  closures 
These  tests  have  shown  that  adequate  closures  (for  blast  resistance) 
are  feasible.  As  can  be  noted  from  the  presented  designs,  the  span 
of  the  closure  and  its  orientation  are  extrsMly  critical.  The  re¬ 
quired  section  modulus  increases  as  the  square  of  the  span  and  pro¬ 
portionally  to  the  applied  pressure.  Means  of  reducing  the  required 
spaa  or  the  overpressure  (for  example,  by  use  of  a  vertical  shaft) 
should  be  examined  thoroughly,  with  considerations  given  to  possible 
disassembly  or  placement  of  bulky  equipment  during  construction  and 
to  reduction  of  radiation  In  a  personnel  shelter. 

a.  Designed  Personnel  Hatch.  The  best  bluet  closure  Is 
a  small  span  hatch  for  vertical  entrance.  Such  a  closure  is  used  la 
conjunction  with  the  entrance  configurations  described  in  the  preced¬ 
ing  section.  A  designed  hatch,  similar  to  one  proof  tested  during 
high  eiploslve  blast  tests  and  employing  standard  stnictural  shapes 
and  steel  plate  Is  illustrated  In  Fig.  34.  The  steel  sections  shown 
can  be  varied,  provided  the  section  moduli  of  substituted  shapes  are 
not  less  than  those  shown  or  the  steel  used  does  not  smet  standards 
lass  than  those  of  ASTM  A-7  (D.  8.  Manufacturing  Standard  for  inter¬ 
mediate  grade  structural  steel). 

A  personnel  hatch  should  be  employed  at  tho  ground 
surface  and  the  backup  closure  to  form  an  air  look.  Installation 
imy  be  with  horizontal  or  vertical  orientation  In  the  latter  appli¬ 
cation.  Placement  within  a  he. xzontal  passage  (Fig.  33)  should  be 
made  with  the  hinges  oriented  for  doorlike  operation  with  gxavlty 
holding  the  door  open  except  when  secured  by  the  locking  mechanism. 
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S'MINIMUM-aaUMe^lRCULAI^OR  OCTAGONAL 


Tig.  3;.  l>«Ai{!»«d  ptrsoQMl  hAteh  la  a  beriiontal  TMsag«| 
horlBontAl  Motloo. 


A  Moood  hatoh  vlthla  a  aaparata  dMtabcr  aad  aaar  to  tba  outalAe 
eloaura  ftMllltatoa  tba  aatataBaaea  of  a  posltivo  oloaura  bjr  m&ov 
of  a  guarA  plaoad  batvaan  tba  tae  laatallatloaa .  Pla9«a8at  of  tba 
aaoonl  batch  vlthla  ^ba  borlEoatal  paaaaga  aaotlon  would  provlda  a 
grcs.tar  area  for  uaa  la  radiatloa  daoontaolaatloa  and  would  pamit 
tba  paaaaga  of  larger  cro\9a  antarlng  or  leaving  la  aaoh  oyola  of 
oloaura  oparatloa.  Two  giiarda  and  poatad  algaal  prooaduraa^  auoh 
aa  rapa  on  tba  oloaura,  abould  ba  oonaldarad  for  aoblavlag  rapid 
peraoanal  paaaaga  wblla  ooatlauoua  blaat  protactloa  la  aalatslsed. 

b.  Clowu^  *  HaotangvCUr  Shaft .  A  abaft  fOma  tba 
beat  aaaaa  of  entry  for  bulky  o^Jaota  Inio'  a  atruotura  on  tba  baala 
of  radiation  and  atruotural  blaat  raai:tanoa  eonaldaratlona .  fba 
oloaxira  abovn  In  Pig.  36  or  nodlfloatlona  to  thla  daalgn  pamlta 
paaaaga  of  large  aqulpwiant  through  a  vartloal  abaft.  Uaa  of  light 
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Fl«.  3/S.  StMl  lift-off  shaft  olosuro. 


rail  a^uliaent  la  tha  borlsoatal  aatranes  ^assafs  at  strjctura  iaval 
Mould  fiaollitata  tbs  aovsBant  of  sush  «7:ilp9f>nt  late  tbs  struoture. 
Ite  eraaa,  vrsekar,  or  other  llftiag  dsvles  used  to  raise  or  lower 
the  e<mlpaeat  la  the  shaft  eould  slallarljr  be  used  to  place  aad  re¬ 
sale  the  closure.  Desl^p  of  the  closure  Is  based  on  the  •election 
of  aa  allowable  fiber  stress  half  that  of  ultiaate  stress  and  about 
two-thirds  of  the  djmsale  yield  stress.  A  finite  rise  tlaia  as  a  re¬ 
sult  of  gradual  load  application  nay  be  aesuaed  for  a  blast  over- 
piressure  of  50  pel.  Shock  propagation  velocity  at  50  pel  is  less 
than  2^  feet  per  aiUiseeoad,  and  the  eoaputed  period  of  the  funda- 
aentsl  aode  of  vibration  for  the  designed  shaft  closure  is  approx'.- 
■ately  1  alUisecoad.  Specific  val'ies  used  in  the  deslgti  were  a 
aarlaan  fiber  streas  of  30,000  psl  and  a  unifera  load  of  ’.0  pel. 

The  resultant  section  aodulue  was  2  in. 3  per  inch  width  of  closure 
for  the  8-fbot  span.  Variation  in  required  section  nodulus  result¬ 
ing  frea  the  use  of  a  differsuc  span  nay  be  sside  by  eopluying  the 
following  relationship: 


■  m.  *  ■  ‘  > 
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„  cpan  In  I'eet^ 

where  S  is  the  revised  section  modulus  for  a  section  of  ASTl-l  A-7 
steel.  The  section  modulus  can  be  corrected  for  the  use  of  differ¬ 
ent  materials  by  Inclusion  of  the  maximum  allowable  dynamic  field 
stress.  In  this  design,  the  maximum  stress  of  the  steel  used  was 
60,000  pel.  This  approximate  method  of  design  is  stiggestte.  for 
field  use  and  provides  a  higher  factor  of  safety  for  the  alternate 
material  than  does  the  use  of  steel.  This  procedure  Is  desirable 
as  It  allows  for  a  more  rapid  rate  cf  application  of  the  overpres¬ 
sure.  The  fundamental  period  of  vlbrat.  sn  for  sections  of  timber 
or  concrete  designed  to  resist  pressures  of  50  psl  is  considerably 
longer  than  for  a  steel  section  of  the  same  span,  because  of  the 
greatly  increased  mass  and  decreased  modulus  of  elasticity.  The 
required  section  modulus,  S,  should  be  varied  Inversely  with  the 
ratio  of  f'y ,  the  allowable  maxlmian  dynamic  stress,  to  60,000  psl, 
the  ultimate  stress  used.  The  following  expression  based  on  one-way 
beam  action  may  be  used  for  design: 

y 

A  similar  expression  for  steels  other  than  ASTM  A-7  may  be  •ised  by 
relating  the  static  yield  stresses  (fy),  thus: 

3(1».3)  -  ^ 

Because  of  the  negative  pressure  phase  of  the  oiast- 
wave,  the  shaft  closures  should  be  designed  to  withstand  an  upward 
pressure  cf  5  psl.  The  negative  pressure  required  for  deslg.-!  (5  psl) 
does  not  vary  linearly  with  th,e  positive  pressure,  but  may  be  con¬ 
sidered  as  an  upper  limit  to  the  pressure  dlfferenilal.  The  bsefe- 
grouind  work  on  which  design  assumptions  may  be  based  Is  limited,  but 
the  use  of  S-psl  negative  pressure  sho'iJd  avoid  any  fallui’e  to  a 
structure.  The  field  designer  may  Justify  a  smaller  value  baaed  on 
one-time  use  of  the  structure  and  absence  of  overpressure  following 
the  negative  phase.  Thus,  although  failure  occurred,  little  Inter¬ 
nal  damage  Is  likely  unless  a  second  detonation  takes  pisce. 

c.  Designed  Walk-Through  Door.  The  blast  closure  shovn 
in  Fig.  37  Is  fabricated  from  staridar*’  rolled  steel  ‘Jhapes  end  plate 
/  steel.  The  closure  should  be  employed  only  when  use  of  the  smaller 

personnel  hatch  Is  not  possible. 


t-;4(4  a  <X'.  tli'UC-.' 
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The  weight  of  the  door,  the  poor  radiation  shielding 
it  affords,  and  the  excessive  pressares  arising  from  reflection  of 
the  blast  wave  (note  in  Fig.  1  that  the  ratio  of  reflected  to  slde- 
on  overpressure  Increases  with  Increased  incident  overpressure)  make 
this  type  of  closure  hard  to  Justify,  An  additional  advantage  of 
flush  closures  is  the  susceptibility  of  upstanding  surfaces  to  dam¬ 
age  by  fragments  of  conventional  aerial  and  artillery  weapons. 

Tlie  walk-through  door  is  an  alternative  to  the  per¬ 
sonnel  hatch  for  in -tunnel  placement  to  back  up  an  exterior  closure 
to  form  an  air  lock.  Furthermore,  the  walk-through  door  should  be 
considered  for  situations  which  require  a  means  of  horizontal  ac¬ 
cess  where  the  width  does  not  necessitate  a  massive  drawbridge-type 
closure.  Two  doors  with  a  removable  center  post  mounted  within  the 
frame  illustrated  for  the  drawbridge  door  (Fig.  43)  would  be  easier 
to  operate.  A  thin  steel  arch  section  in  the  door  has  received 
limited  nuclear  blast  testing.  Several  prototypes  of  similar  design 
were  fabricated  and  emplcyed  in  the  tunnels  used  for  the  underground 
nuclear  test  series  Qualitative  experience  gained  in  these  tests, 
in  which  exposu“e  of  voe  blast  doors  to  overpressures  were  accidental, 
indicated  the  .■>!  the  door  was  greater  than  the  strength  of 

the  frame  and  fratic-trundation  connections.  A  closure  employing 
rolled  steel  sect;tor.:  to  pan  the  frame  instead  of  an  arch  action  was 
tentatively  designed  h  i  similar  blast  overpressures  (200  pci).  The 
weight  of  this  door  wes  about  200  to  300  pounds  in  excess  of  the  400 
pounds  of  the  presented  door  design.  The  door  is  too  heavy  to  be 
rapidly  operated  by  individuals.  Closures  may  be  conservatively  de¬ 
signed  because  it  is  dn.oirable  to  have  the  strength  of  the  whole  de¬ 
pendent  upon  the  basic  itinicture  and  not  limited  by  itr  lesser  com¬ 
ponents.  The  nuclear  bUst  tests  have  revealed  that  the  closures 
are  vulnerable  to  failure,  and  thereby,  catastrophic  conditions  may 
result  within  an  otherwise  undamaged  structure. 

d.  Massive  Drawbridge  Door.  The  massive  steel  door  il¬ 
lustrated  in  Figs.  36  and  39  should  be  considered  only  when  any  other 
metJ's  of  closure  is  not  feasible.  The  design  is  one  which  has  suc¬ 
cessfully  withstood  reflected  nuclear  blast  overpressures  of  l80  psi. 
It  is  modified  to  provide  a  greater  reslstsuace  to  reflected  pressures 
of  200  psi  (euitlclpated  as  the  maximum  in  the  30-psl  slde-on  over¬ 
pressure  region).  The  door  provides  negligible  shielding  to  instan¬ 
taneous  radiation,  does  not  readily  provide  an  air  seal,  requires  a 
large  constructive  effort,  and  is  awkward  to  operate.  Nuclear  blast 
tests  have  shown  that  doors  which  operate  cn  rollers  are  subject  to 
Jamming,  even  though  they  are  easier  to  operate  in  coiiusl  olrc’mjtan- 
ces.  The  drawbridge  door  provides  rapid  opening  for  exit  of  .ital 
equipment.  It  has  a  demonstrated  resistance  to  the  design  blast 
overpresB'xres . 
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13.  Door  Frame -Supytrtlng  Foundation .  The  closures  and  frair-:S 
are  designed  to  withstand  the  effects  of  nuclear  blast  overpressures 
In  the  ^O-psl  side-on  overpressure  region.  The  foundations  for 
these  closures  are  presented  separately although  the  order  of  l:Lst- 
Ing  Is  governed  by  closures.  Little  choice  in  frame-supporting 
foundation  exists  when  the  type  of  closure  has  been  determined.  The 
foundation  designs  are  similar  to  prototypes  which  hsve  withstood 
nuclear  blast  overpressures  In  excess  of  30  psl.  Adaptations  of 
these  designs  provide  equivalent  resistance  while  employing  other, 
possibly  more  rapidly  constructed,  materials.  Thus,  a  .choice  of 
foundations  aisy  be  applied  to  a  specific  closure.  Furthermore,  a 
specific  frame  foundation  may  be  used  with  different  closures  of 
similar  application  such  as  those  for  a  vertical  shaft.  Xu  the 
foundation  for  a  blast  closure  one  must  consider  the  force  trans- 
iJktted  by  the  closure  fTssM;  the  need  to  resist  uplift  pressures 
that  result  during  the  negative  pressure  phase;  the  orientation  of 
the  closure;  and  the  danger  of  imposing  longitudinal  forces  on  the 
entrance  structure.  Because  of  Its  adaptability,  reinforced  con¬ 
crete  Is  an  excellent  material  for  this  purpose.  It  Is  Inherently 
massive  and  forms  an  excellent  seal.  Structural  steel  Is  Illustrated 
as  a  less  favorable  alternate.  Where  feasible,  the  designs  illus¬ 
trated  are  similar  or  Identical  to  those  which,  have  been  tested  under 
nuclear  blast  loadings. 

a.  Corrugated  Steel  Retaining  Rings.  The  most  readily 
placed  foundation  for  the  personnel  hatch  employs  llghtwelf^t  corru¬ 
gated  steel  sections.  This  foundation  (Figs.  30  and  3U)  consists  of 
an  Inner  ring  Ihxmlng  the  Initial  passage  section  and  an  outer  ring 
providing  definite  retention  of  the  bsarlxig  plate  and  enclosing  a 
tamped  earth  or  concrete-filled  hollow  column  to  avoid  failure  In 
bearing  or  durli>g  the  negative  pressure  phase.  The  Inner  ring  sec¬ 
tion  la  of  lar^r  diameter  pipe  than  the  continuation  of  the  passage 
below  to  provide  Independent  action  In  response  and  leeway  in  final 
alignment  and  height  under  field  aaseObly  conditions.  The  6-gage 
steel  provides  adequate  thickness  for  welding.  A  similar  3-gage 
aection  withstood  the  load  generated  by  high  blast  overpiessuxes 
(130  psl).  Use  of  the  heavier  section  as  the  foundation  for  the 
first  3  of  entry  passage  allows  the  design  for  the  lower  en¬ 
trance  pipe  to  be  made  with  no  special  considerations  for  surface 
placement.  Concentric  rings  to  provide  a  concrete  form  keyed  to  the 
adjacent  soil  any  be  eo^loyed  for  foundations  for  vertical  chaft 
covers  (Fig.  UO).  Corrugated  steel  for  the  shaft  lining  Is  eqono il¬ 
eal,  readily  constructed,  and  easily  designed;  therefcris,  the  une 
of  this  material  la  encouraged. 

b.  Reinforced  Concrete  Bearlnp  Pad.  The  bearing  pad  Il¬ 
lustrated  In  Fig.  41  Is  a  sui Cable  alternate  and  a  cested  means  of 
providing  bearing  for  the  personnel  batch.  A  backup  hatch  to  innure 
blast  protection  In  a  personnel  shelter  may  be  installed  as  is  tiiown 
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io  33*  design  of  the  bearing  pad  la  an  adaptation  of  a 
reinforced  concrete  pad  tested  at  side -on  overpressures  up  to  100 
psl  with  a  Navy-designed  prototype  steel  hatch. 


fig.  Ul.  Concrete  bearing  pad  for  a  personnel  featsh. 


The  walk-through  door  foundation  for  In-tunnel  plaoe- 
■ent  Is  a  variant  of  the  reinforced  concrete  bearljag  pad  for  plaee- 
■ent  In  the  vertical  plane.  Inatallatlona  alallar  to  the  one  shown 
In  fig.  b2  were  placed  In  the  tunnels  used  for  the  underground 
nuelear  tests  series.  The  applied  pressures  and  the  responses  cf 
the  Installations  were  Incidental  to  the  test  progmas.  7h»  founda¬ 
tions  were  adequate  although  the  deslgo  eoploy^  for  the  Installa¬ 
tions  Illustrated  a  weakness  In  the  door  frame  and  Its  connections. 
The  pressums  encountered,  however,  were  somstlaes  laqiosed  from  tho 
Inner  side,  placing  the  full  force  developed  by  the  r<*flecled  blast 
overpressure  upon  the  hinge  and  latch  which  in  normal  design  load¬ 
ings  would  be  adequate  for  the  possible  forces  of  the  negative 
pressure  phase. 

c.  CoacrotT  Rectangular  Hatch  POuadatlon.  The  best 
foundation  for  a  rectangular  s^ft  batck  cover  Is  concrete  poured  to 
form  an  Integral  unit  with  the  frame  sx^port  and  the  shaft  lining 
(fig.  43).  The  similarity  to  the  concentric  corrugated  steel  in¬ 
stallation  can  be  noted.  An  Ideal  fom  for  the  outer  perimeter 
wovld  be  straifl^t  corrugated  steel  sections  to  provide  a  ^ood  ooa 
crete-earth  key,  and  to  maintain  the  quality  of  the  oonoret:*  at  wnat 
would  otherwise  be  a  concrete -earth  contact.  Ihe  design  Is  Intended 
to  provide  a  massive  foundation  for  sprw'jdlng  the  vertical  pressures 
and  for  resisting  the  upward  force  during  the  ne^tiwe  blast  pres¬ 
sure  phase.  It  should  not  be  considered  as  the  sole  prototype  but 
as  one  meeting  minimum  design  criteria. 
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d.  Walk -Through  Door  Foundation.  An  adequate  foundation 

for  an  external  walk-through  door  la  shown  In  Fig.  UU.  This  Navy- 
designed  structure  will  withstand  an  overpressure  of  200  pal.  In 
the  design,  Independent  response  should  be  provided  by  means  of  a 
sllppege  space  between  adjacent  structural  elements .  A  nonfrag^cnt- 
ing,  shallov  retaining  wall  for  retention  of  the  berm  should  be  used 
to  avoid  blocking  the  closure  with  fragments,  on  occurrence  which 
has  been  noted  with  some  reinforced  concrete  ramps  and  retaining 
walls.  A  severe  problem  Is  the  great  overpressure  magnification 
that  can  take  place  at  comers  snd  Interior  Junetlu.ce  of  plane  stur- 
facea.  As  Illustrated,  sandbags  or  a  sand  ramp  may  disrupt  this 
effect  and  reduce  the  possibility  of  failure  at  the  lower  sill  sec¬ 
tion  of  the  fotmdatlon. 


Fig.  44b.  Exterior  walk-thmuidi  Aoor  foundation;  Se^'tlon 

B-B. 
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e .  Pelnforced  Concrete  Foundation  for  toaalve  Door.  The 
drowtrldge-type  door  (Figs.  3b  and  39)  which  was  tested  under nuclear 
blast  employed  a  combination  entrMce -frame  structure.  Tbla  struc¬ 
ture,  illxutrated  in  Fig.  pr-ovides  adequate  strength  and  Is  long 
enou^  to  develop  fully  burled  conditions  for  the  associated  units. 
Sven  though  a  massive  construction  Is  required,  the  res'nltlng  entrance 
frame  has  a  proved  blast  resistance  capability. 

lU.  Floors .  The  design  of  floors  for  the  Daeic  structures  or 
Its  components,  such  as  alcoves  or  entrance  conflguratior.T,  Is  con¬ 
sidered  eeparately  as  a  result  of  nuclear  test  experience  with  vary¬ 
ing  types  of  floors.  Designing  tor  nuclear  blast  permits  sc ..tleiucnt 
and  slight  deformation  of  the  structure.  Thus,  heave  and  differen¬ 
tial  nc'.e'ient  are  to  be  expected  In  the  floor  area.  The  possible 
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u.';?s  (jf  protf.etiv«  !;fi<?l.tera  rnwy  re'julr»'  ri^ii  or  high  bearing  strength 
floor: .  The  types  of  floors  arc  presented  l.i  order  of  desirability. 
The  aimolent  type  that  vill  r.sl  Isfy  tiie  reouiromenta  of  the  stinicture 
should  e  Belee*.-,!. 

a.  Sand  or  Earth.  Well-gradecl  and  conipaeted  earth  forms 
a  flooi  which  is  least  likely  to  be  affected  oy  overpressure  or  blast 
phcni^mena.  A  saiid  oi'  grav’d  floor,  ponsibiy  'rfith  ::  sf.abi.’ Iring  agent, 
would  also  be  in  thin  category  tut  might  have  some  ui'.deB irr.ble  fea¬ 
tures.  An  earth  floor  should  be  of  the  same  quality  of  Material  as 
that  ’■equlred  for  la-kfill.  Gravel  or  sand  should  not  be  employed 

in  entrance  configurations  or  near  blast  closures  because  granule’, 
material  might  be  transported  by  overpressure  leaking  past  the  clo¬ 
sure.  Gravel  might  clog  the  seal  and  cause  malfunctioning  of  the 
ci'siire  device.  Lightweight  rail  equipment  may  be  used  with  on  earth 
floor  to  provide  facilities  for  .hauling  heavy  loads  tuid  yet  retain 
the  advantages  of  earth  flooring.  Sandbags  may  be  used  when  a  poor 
Boil  such  as  a  clay,  sll*,  or  organic  bearing  material  would  other¬ 
wise  be  exposed. 

b.  Sectional  Wo<d  Floorli.m.  ine  n  eea  to  s"ppK''ct  equip¬ 

ment  or  the  requlremerts  of  structure  use  and  occupancy  may  necessi¬ 
tate  a  solid  floor.  Sectional  wood  flooring  Is  the  best  type  suited 
to  reel  St  the  heaving  or  settlement  of  nuclear  blast  effects.  This 
flooring,  similar  to  lhat  four,d  in  military  Hqiuijt  tents,  use*  a  wood 
sheathing  wearing  surface  held  by  a  2-by-U  f-aio'*  of  dlmen»lons  BUited 
to  the  floor  plan.  The  largest  section  dimension  should  be  no 
greater  than  6  feet  to  facilitate  handling  and  ;rovem«;iit.  The  floor¬ 
ing  thickness  and  design  of  the  supf.ortlng  cross  members  are  deter¬ 
mined  by  the  use  of  the  structure.  The  flexibility  afforded  by  mov¬ 
able  sections  which  provide  room  for  inward  displacement  of  the 
structure  sides,  fumlshec  the  required  res 'stance  to  ’’aiuage  by 
nuclear  blast  overps-essures .  VaridtUme  - f  typ.  j  )t  flooring 

would  be  pallets  or  flooring  sections  plsi'ed  only  on  tfiose  portions 
of  the  underlying  earth  floor  where  speclfica'ly  requlruO  (tnat  is, 
covering  a  subfloor  storage  bln  or  providing  a  lallet  for  equipment 
mount  5  .rg ) . 


•  Pierced  Steel  !>lark.  Pierced  steel  or  al\jMinum  plank 
mny  be  used  as  a  i'lexible,  heavy-duty  vcarlng  surface .  To  provide 
coverlt.g  for  an  entire  floor  suriace,  the  pla-.h  should  be  laid  par¬ 
allel  to  the  majoi  axis  of  tne  structure;  earth  heave  or  settlemer.. 
esused  by  blast  loadings  Is  g.jiierally  i>nrallel  to  th.e  f,,vyL  ;.gn. 
Pierced  steel  planking  for  wheeled  truck  lanee  be  uued  tn  stor¬ 

age  structures.  Pallets  or  sectjonal  i  iooring  r.Ay  be  laid  In  the 
actual  area  of  storage. 

’  Concrete  .  A  poured-ln-v'.'u'e  concrete  floor  provid-s 
a  riean,  excellent  wearing  surface  w.hlch  :.’r.u  be  derilgn-d  to  wlthsta.id 
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heavy  loads  and  the  adverse  effects  of  nuclear  blast  overpressures. 
The  concrete  floor  and  Its  e  ibgrode  should  be  designed  for  depth  and 
reinforcement  on  tlie  oasis  of  Intended  structure  use.  Unrelnforccd 
concrete  floor  slabs  (f'g  •  U,000  psl)  poured  on  efvfracted  earth  .-ub- 
grade  have  been  tested  in  side-on  overpressure  regions  up  to  100  pel 
in  flexible  metal  arch  structures.  Under  such  nuclear  tests,  cracks 
were  developed  In  the  concret*'  (Fig.  U6).  Cracking  under  footing 
settlement  and  floor  heave  could  be  avoided  by  ecorin<j  and  use  of 
expansion  Joints  (Fig.  b7).  light  bimdred  square  lest  is  considered 
a  maxlmuD  for  a  single  slab,  scored  as  illustrated.  Slabs  of  thi's 
size  are  likely  to  be  impractical  for  small  structures  or  restrictel 
working  spaces  In  underground  construction. 


XV.  uriLiTr  coMFORBrrs 

General.  This  aeetlon  presents  the  requirements,  the 
bases  for  selection,  and  the  spaeiflo  designs,  prototypes,  and  engi¬ 
neering  data  for  utility  compor/ints  for  protective  structures.  Em¬ 
phasis  on  selection  of  deslgse  and  specific  Items  of  equipment  has 
been  based  on  proved  performance,  where  available,  fron  nuclctr 
weapons  effects  tests.  A  minimum  of  detail  has  been  presented  for 
those  facilities  or  Itasw  of  equipment  which  employ  conventional 
construction  practices  or  are  military  stock  equipment,  more  fully 
described  in  the  referenced  technical  manuals.  Selection  of  utili¬ 
ties  as  well  as  entrance  configurations  la  dependent  on  the  struc¬ 
ture  use.  Table  V  presents  raeoomended  selections  of  utilities 
based  on  utilisation.  Selection  of  utilities  for  the  various  struc¬ 
ture  uses  has  been  based  on  simplicity  and  on  ptwed  systems  or 
equipment.  For  extended  or  preshot  utilisation,  an  econon^  of  oper¬ 
ation  la  desired  which  precludes  the  continuous  use  of  emergency 
equipment.  These  principles  have  been  folloveC  '.hroughout  tl.c 
prese^ixstlon. 

16.  lleetrlc  Power  and  Lighting. 

••  Battery  Power.  Battery-operated  lights  are  required 
for  every  structure  xor  use  either  In  an  emergency  or  as  the  sole 
lighting  means  for  emergency  shelters  or  storage  structures.  In 
addition,  battery  power  may  be  required  for  conmunication  equljxnent. 
Because  of  the  funes  that  may  be  given  off  by  discharged  wet  cells, 
dry  cell  or  sealed  batteries  should  be  the  only  type  used  In  under 
ground  structures. 

b.  Engine-Driven  generator .  Oasollne -engine-driven 
portable  generators  of  the  standard  Army  series  may  provide  power 
for  long  post-attack  periods  o’"  for  intermittent  prc.'.ujt  use.  The 
specifications  required  fer  generator  selection  and  their  incorponi- 
1,1' /n  in  the  structure  deslfoi  are  given  in  the  list  on  page  67.  A.’ 
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mufflers  are  not  employed  at  the  motor  location  with  underground 
Installation,  the  dlmensio''s  of  the  units  show*  maybe  used  as  the 
basis  for  design. 

A  gasollne-englne-drlven  generator  and  fuel  must  be 
placed  In  a  room  or  alcove  separated  from  the  personnel  shelter. 

The  generator  and  gasoline  supply  may  be  located  In  a  fireproof, 
gaatlght  room  within  or  below  the  floor  of  the  bsslc  structure  or 
In  a  separate  unit,  connected  to  the  main  structure  for  access,  and 
Isolated  by  a  gaatlght  seal.  Handling,  storage,  and  replacement 
problems  dictate  that  fuel  should  be  stored  in  standard  5’gallon 
cans  Isolated  from  the  valla  of  the  storage  bla  or  structure  by  an 
air  space  or  sandbags. 

Tba  generator  engine  auht  be  adapted  to  underground 
Installation.  A  surface  exhaust  outlet  and  ventilator  may  ba  re> 
qulred  to  collect  the  cooling  air  sxpellad  tbrougb  tbs  generator 
radiator.  Oenerator  air  requir<*rMnts  uuat  be  Included  In  design  to 
ensure  a  small  positive  ptassure  dlffarcntlal  vlthla  the  structure 
at  all  times.  The  approximate  air  requirements  of  tbs  generators 
are  listed  vlth  the  specifications.  The  means  by  vhleh  opsntlng 
rcqulresMnts  may  be  satisfied  are  Illustrated  in  flga.  Ud  and 
dalactlon  of  the  various  means  of  installation  dapsads  on  structure 
utilisation,  hours  of  oontinuous  operation,  volume  of  the  atructure, 
number  of  personnel  occtqpylng  the  stnteture,  and  ventilation  faelll* 
ties.  The  specifications  referring  to  the  air  requirements  and 
standards  for  personnel  should  ba  noted  In  generator  Installation 
design  to  avoid  overtieating  of  the  air  by  engine  or  genermtor 
cooling. 

e .  Central  Power  Source.  A  protected  generstor  should 
be  considered  for  contlnvuus  use  vlth  an  Installatfon  eonslallng  of 
several  sepnrave  structures.  Z^wer  cables  protected  by  burtel  and 
placed  to  avoid  shear  at  entry  tw  a  struoture  would  permit  economy 
of  constructive  effort,  material,  and  fuel.  The  osbies  would  i«upply 
electric  power  for  continuous  use.  This  means  of  providing  electric 
power  is  most  suitable  for  Installations  of  two  of  more  stnactures 
in  proximity.  In  the  actual  installation,  the  generator  or  genem* 
tors  should  he  placed  in  a  separate  structure  which  should  be  con* 
nected  by  a  horizontal  entrance  section,  vlth  a  suitable  gastlght, 
blast  resistant,  closure,  to  an  occupied  area.  Such  an  Installation 
would  permit  supervised  generator  operation  while  the  operators 
avoided  tlie  fumes,  possible  ozone  concentrstior ,  end  noise  condl  - 
riona  in  the  power  room.  Tlie  Installation  of  the  generators  could 
be  similar  to  that  shown  in  Fig.  ^46,  although  on  a  larger  scale. 

For  Installations  which  employ  one  large-output  generator,  a  second 
smaller  generstor  should  consi  lered  to  supply  power  for  1  jw« 
demand  period!  during  which  the  principal  generstor  Is  being  serv¬ 
iced  or  f  lelad.  A  centrally  protected  generstor  iistallatlon  may 


use  conventional  public  utility  power  for  economy,  when  available. 
The  GWltchge&r  can  be  slturted  within  the  generator  structure.  To 
avoid  continuous  operation  of  emergency  equipment,  conventional 
power,  If  available,  should  be  used  before  the  blast. 

17.  Air  Treatment. 

a.  Rudimentary.  Structures  for  short-duration  occupancy 
or  for  storage  use  may  require  no  air  treatment.  The  baae«  for  de¬ 
sign  of  structures  having  no  treatment  are  given  in  Tables  VI,  VII, 
and  VIII.  An  allowable  sealed-ln  period  may  be  computed  using  the 
following  formula: 


.  CO?  Concen.  Allowable  x  Voltjme  of  Shelter  (Pt3) 
Safe  Allovrxbl.  Period  -  ^  pc»on  iier  hotiT^tW) 

The  safe  maxlmuDi  CO2  concentration  may  be  taken  as  O.05  percent). 

Table  VI.  Minimum  Ventilation  and  Space  Reijulrements 
for  Protective  Structures 


Ventilation Total  Surface Floor  Area Volume 
Period  of  Rate  per  *rea  per  Person  per  Person  per  Person 
Occupancy  Person  (cfla) _ (ft^)  (ft^)  fft3) 

Personnel  at  rest: 


Oxygen  consvnptlon  approximately  O.OO8  efls. 
Approximately  400  Btu  expended  iwr  hour 


3  hr 

None 

30 

6 

50 

12  hr 

Rone 

50 

6 

75 

Continuous 

2  cfm 

25 

6 

50 

Personnel  at  moderate  activity  (normal  operations  within  a  protec¬ 
tive  shelter): 


Oxygen  consumption  approximately  0.028  cite 
Approximately  1,000  Btu  expended  per  hour 


3  hr 

Rone 

75 

6 

120 

12  hr 

Rone 

100 

6 

35'D 

3  hr 

3  cfta 

25 

6 

50 

12  hr 

5  cfti 

25 

6 

30 

Continuous 

5  cfa 

30 

6 

60 

Personnel  at  vlgoious  activity  (unlikely  in  protective  aheltai); 
Oxygen  consumption  approximately  0.0$6  efts 
Approximately  4,000  Btu  expended  per  hour 
Oontinuous  10  cfta  30  6  60 


Table  VII.  Iffecte  of  Teiiqwratur*  and  Hualdity 


Tetnper- 

atujre 

(«F) 

Physical 

Effect 

on 

OccuDcmtB 

Relative 
Hmldlty  (^) 
for  Borderline 
Comfort 

Husldlty  (i) 
at  Which  iaat 
Prostration 
’  May  Occur 

50 

Physical  stiffness  of 
extremities  begins 

83 

• 

60 

63°  optisKB  condition 

60 

m 

70 

73^  physical  fatigue  begins 

70 

m 

30) 

63^  mental  activities  slow 

60 

98 

90) 

dovn,  response  slovs,  and 

•*5 

90 

100) 

errors  begin 

90 

120 

Tolerable  for  about  1  hr, 
far  above  physical  or 
mental  activity  range 

• 

m 

160 

Tolerable  for  ^  hr 

• 

os 

Table  VXZX.  Iffbeta  of  CO2  Conoentrationa 

CO2  Ccncentration 

In  Air  by  Volaae  (i)  Effect 

0.5 

1-2 

3 

5-i-O 
10 


Rote:  For  eoaputation  In  ^e  foraula  for  safe  allovable  period, 
use  oxygen  consumption  for  the  CO2  fOraatlon  per  person. 


Desirable  ■axlaus. 

Rot  noticeable,  althovj^  it  reduce 
efficiency. 

Slight  effort  needed  to  breathe. 

Heavy  breathing  and  rapid  tiring. 

Fatal,  If  present  for  any  length  of  tlaa. 


Qk 
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Unventilated  emergency  personnel  shelters  should  be  designed  so 
that  the  blast  closure  is  open  at  all  times  prior  to  use.  The 
draft  effect  of  the  exposed  entrance  or,  if  necessary,  intermittent 
forced  ventilation,  should  be  sufficient  to  keep  the  air  of  the 
structure  fresh.  If  desired,  emergency  equipment  such  as  oxygen 
tanks  and  masks,  oxygen  regenerating  mask  assemblies,  and  s'tandard 
particulate  filter  and  gas  masks  can  be  used.  The  standard  gas  mask 
should  be  worn  when  the  blast  closure  is  opened  to  allow  «  change 
after  an  attack.  There  is  a  sisall  contamination  hazard,  from  such  an 
action,  and  radiation  monitors  should  be  used.  The  Individual  gas 
macks  provide  good  protection  against  the  inhalation  of  airborne 
radioactive  material.  The  absence  of  mechanical  air  filtration 
equipment  may  require  the  storagi^  of  radlac  Instruwnta  and  self- 
reading  doaiaetera,  the  provision  of  intershelter  eoaraunleations, 
and  the  training  of  all  potential  shelter  occupants  in  various 
safety  procedures. 

b.  Motor-  or  Engine -Driven  Filter.  Filtered  air  may  be 
provided  in  a  personnel  shelter  by  means  of  the  standard  Cbsmlcnl 
Corps  filter  units.  These  are  gas  and  particulate  filters  in  a  fam¬ 
ily  of  sizes  powered  by  an  electric  motor  or  as  an  alternative,  by 
a  gasoline  engine  as  for  the  M-6,  JOO-efte  filtsr  unit.  The  units 
are  described  in  detail  ir  the  appropriate  technical  manuals.  It  is 
prsfarrad  to  run  the  filters  with  an  electric  motor  supplied  by  a 
r«sK>ts  blast-protected  power  source,  thereby  avoiding  the  need  to 
■atlsfy  exhaust,  intake,  and  cooling  requirements  for  separate  gaso¬ 
line  engines.  The  specifications  of  the  standard  unita  are  givsn  in 
the  list  on  paga  95.  An  Important  consideration  in  the  use  of  amy 
filter  unit  Is  the  heat  output  of  the  electric  motor.  Heat  removal 
may  necessitate  a  greater  airflow  than  all  other  air  requirements  of 
the  shelter  combined.  Air-filter  units  should  bs  placed,  whenever 
possible  (essential  for  all  but  the  smallest  filters),  in  an  alcove 
from  which  the  air  is  exhausted  direct  to  ground  ■orfuce,  thereby 
avoiding  unduly  large -capacity  requirements. 

The  intake  of  the  filter  units  must  be  protected  by 
antiblast  closures  and  surge  tanks.  In  addition,  tbs  exhaust  from 
the  shelter  should  employ  antibackdrafb  valves  to  protect  the  struc¬ 
ture  from  contamination.  These  accessories  are  described  in  TM 
3-k2U0-203  end,  except  for  the  eurge  tank,  are  standard  items  of 
Chemical  Corps  supply.  The  M-1  antlblast  closure  (a  valve),  illus¬ 
trated  in  Fig.  ^0,  baa  a  maxlsnui  intake  airflow  of  300  cubic  fee^ 
per  minute.  A  higher  airflow  requires  addl-ic;;al  closures.  Instal¬ 
lation  of  the  antlblast  valve  should  be  within  an  aeceesible  area, 
to  permit  inspection  and  repair;  however,  the  s''rge  tank  may  be 
separate  from  the  structure.  A  minimum  surge  tank  capacity  of  2^ 
cubic  feet  is  required  for  each  M-1  antlblast  eiosure.  The  surge 
tank  may  be  constructed  of  culvert  sections  and  placed  below  the 
floor  ol  the  structure.  Inlets  or  ejdiausts  to  the  surge  tank  for 
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rig.  50.  M-l  antiblast  closura. 


tba  flltar,  wxiuiusts,  beatars  or  motor  can  ba  mada  through  bcias  In 
tba  eulvart  sactlon  or  through  tba  timber  and  wall.  Datalls  of  a 
suitable  Installation  are  shown  In  Fig.  ^1.  Figure  Ud  lllustre.tss 
valve  and  surge  tank  tnatailat.tons  In  a  «eparato  gerieratcr-flltsr 
structure.  Antlbackdraft  valves  should  be  used  between  partitioned 
areas  of  a  shelter  and  on  vents  leading  to  the  exhaust  surge  tank. 

A  ty.'loal  shelter  floor  plan  eaploylng  thase  Items  Is  shown  In  Fig. 
92.  Details  of  the  generator  and  latrine  alcove  Installations  are 
Included  In  Figs.  U9  and  ^3. 

Use  of  a  gas -part  Icxilate  filter  allows  personnel  to 
avoid  the  Inhalation  of  radioactive  particles  In  the  form  of  weapon 
prod',  cts  dust  from  Induced  radiation  nroae  or  from  tbe  fedlout  con¬ 
tamination  of  a  surface  burst.  Howe-ver,  this  radioactive  ms.terial 
trapped  by  the  filter  is  a  possll’le  scTce  of  hlgh-lntenslt^'  radia¬ 
tion.  The  location  of  the  filler  unit  should  afford  shielding  from 
the  occu.p  ed  area  of  the  stinicture.  Oeunra  radiation  Is  the 
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Vig.  52>  Typical  ahaltar  floor  plan)  air  flov  tUuatratal. 


prlaeipal  typ«  aoltted  by  turh  radloaetl't  aatarlal.  Furtharaore, 

It  th«  type  that  requlrer  the  gresteet  Baa*  of  ahlaldlng  for  re« 
duetlon  in  Ita  Ictenalty.  i/l*quat«  shielding  ia  eeelly  obtained  by 
■eana  of  a  large  earth  eepa ration  between  ^he  radioactive  aaterial 
and  toe  oeov^l ed  area .  Rep' xcenent  f lltera  abould  be  stored  within 
the  etruet’jre.  A  aaens  of  ewaling  contaminated  filter*  (plaatio 
bage)  and  a  safe  place  for  their  burial  (for  example,  a  pit  in  the 
earth  floor  of  an  alcove)  aho'ild  he  provided.  Here,  mechanical 
filter  and  air  change  equipment  increase  the  safety  requirement* 
for  radiac  instnawnts,  self  •reading  dosiswters,  and  training  of 
the  possible  shelter  occupant*. 

18.  Water  Supply. 

a.  Storage.  The  most  eonvenlent,  blact  recietsmt  ■v**ae 
of  water  storage  is  the  standard  ^-gallon  can.  Water  treatment 
chemicals  should  be  kept  on  hand  for  preserving  long-stored  water, 
but  0  rl<ri4  system  of  regular  repl*ce?»ent  of  the  stored  water  should 
be  i‘.sed.  The  cans  should  be  stored  upright,  and  can  be  placed  with¬ 
in  the  structure  itself  or  in  separate  areas.  The  amount  of  water 
to  be  stored  depends  upon  the  etructure  use  and  the  duration  of  occu¬ 
pancy  that  ie  anticipated.  A  alnlauo  of  2  quarts  per  occupant  at 
oMudmuB  occupancy  should  be  stored  In  any  protective  etructure.  One 
gallon  per  person  per  day  should  be  used  as  a  minimum  storage  re¬ 
quirement  for  long  duration  occupancy.  Btorrge  tanks  or  drum*  aiiot'.ld 
b'.  within  or  below  the  structure  to  lesser  shock  damage.  The  t&nk3 
should  be  of  metal  or  a  more  flexible  material  and  should  be  located 
BO  that  drainage  after  rupture  will  be  into  the  cu^'crade  and  not  on 
to  the  structure  floor.  Rubberized  taiais  below  the  floor  level  could 
he  employed  for  Isrg-.capaclty  storage.  Means  of  emptying  and 
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refilling  the  tank  ehould  be  provided.  K  previously  unused  standard 
10,000-gallon  collapalble  neoprene  POL  tank  (dimensions  42  by  11  by 
4  feet)  may  be  placed  In  a  pit  below  the  structure  lloor.  Because 
of  the  composltlo.n  of  the  tank  material,  the  water  should  be  chaa<j^cd 
weekly  and  be  used  only  under  emergency  ccndltlops.  A  means  of  post 
storage  treatment  would  be  desirable.  A  collapsible  tank  as  de¬ 
scribed  could  provide  a  protected  central  water  supply  for  protective 
structures . 


b.  Well  Point.  If  the  ground  water  Is  potable  and  the 
water  table  Is  relatively  close  to  the  floor  level,  use  of  a  well 
point  should  be  considered.  A  well  point  would  be  the  best  method 
to  augment  the  water-storage  capacity  of  the  structure.  The  instal¬ 
lation  would  require  a  remote,  blast-protected  sewage  outfall  or  a 
ear.  fully  deelgned  tank  or  field  eewage  disposal  system.  Arctic- 
type  plaetlc  bags  for  sewage  waste  disposal  would  require  leas  stor¬ 
age  space  than  for  water  storage  and  may  be  an  effective  means  of 
allowing  em>loyaent  of  well  point  water.  Nevsrthelees ,  chemical 
traatment  (for  exaiqple,  Halazone)  is  necessary  if  pvmiped  water  le  to 
be  stored. 


0.  Water  Distribution  System.  A  water  distribution  eye- 
tea  may  be  used  to  supply  washing  and  aenltary  needs,  depending  upon 
the  type  of  structure.  Continuous  use  etruetures  which  are  occupied 
for  sleeping  or  wrking  may  have  conventional  water  supply  eytteae, 
if  available.  Caution  should  be  exercised  in  Installation  of  the 
eyatea  to  Insure  that  pipe  breakage  from  differential  etrueture- 
earth  eettleaent  does  not  cause  a  line  to  break  or  drain  Into  a 
atrueture.  Steel  or  copper  pipe  Is  adeqtats  for  this  purpose. 

Pipes  should  neither  be  cast  In  concrete,  nor  should  thsy  be  placed 
directly  below  foundations.  The  best  pipe  entrance  le  through  or 
under  a  borlsontal  passafs  section  the  ntructure.  An  wall 
where  the  principal  response  to  blast  is  iv^-iroMtal  movement  Into 
the  structure,  la  an  alternate  point  of  entry  for  utility  lines, 
either  through  oversize  ports  or  well  below  the  foundation. 

When  adjacent  par.-'^nnel  shelters  exist,  consideration 
may  be  given  to  a  protected  water  supply  system  with  a  pucplng  and 
treatment  plant  In  one  ceutral  structure.  Deeply  placed  eteel  pipe 
would  be  suitable  for  the  distribution  lines.  Tbs  water  source  may 
be  a  wall  point  or  protected  lines  from  e  stream  or  reservoir.  The 
treatswnt  and  pumping  equipment  could  be  Installed  in  a  manner  simi¬ 
lar  to  the  separate  generator  alr-fll^er  Installation  (Pig.  48;.  m 
with  the  electric  and  air  supply  utilities,  contlPU'>us  use  of  esivrg- 
eney  equipment  should  be  discoid  sged.  The  Items  may  be  of  limited 
cumulative  capacity,  as  In  water  etorage  or  »'lltratlon  equipment,  or 
may  not  be  Intended  for  contlnuo.^  operation  without  lualntenance  or 
repair.  This  situation  would  apply  to  eewage  storage  facilities  C’r 
go '^^llne-enflilne -driven  generators  and  flltera.  As  with  all  the 
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utilities,  potential  occupants  should  be  familiar  with  the  function¬ 
ing  and  capabilities  of  thf  equipment  and  with  procedures  which  in¬ 
sure  group  safety. 

19.  Sanitary  Utilities. 

Minimal.  No  sanitary  facilities  need  be  provided  for 
storage  or  short-duration  personnel  structures.  As  an  alte'-natlve, 
buckets  or  arctic-type  plastic  bags  may  be  installed  or  made  avail¬ 
able.  The  existence  of  a  blast-protected  space^  as  with  a  storage- 
only  structure,  is  sufficient  to  assucie  personnel  occupancy  during 
or  after  an  attack,  and  sanlvary  as  well  as  other  emergency  utili¬ 
ties  may  b^  provld^  on  this  basis. 

b.  Bucket  Type.  Any  structure  mky  be  furnished  vith 
bucket-type  latrines,  troughs,  and  washstands,  as  detailed  in  other 
technical  manuals,  such  as  TM  5-302,  Construction  in  the  Theatre  of 
Operations .  Direct  or  tranoferr*'!  drainage  to  a  separate  pit  should 
be  provided.  Vftiere  feasible,  the  latrine  section  should  be  isolated 
from  the  basic  structure  by  partitions  or  by  location  in  a  separate 
alcove  partltioued  from  the  structure  (fig.  53) •  Unlews  the  diaia- 
ege  is  to  a  tank  with  an  outfall  or  a  blast  resistant  (deeply  placed) 
tile  field,  an  alternative  to  the  pit  or  tank  means  of  vasts  disposal 
should  be  provided  for  non«asrgency  use  prior  to  a  nuclear  attack. 

An  outfall  to  a  conventional  sever  system  or  tile  field  shoxUd  be 
employed  preshot  to  avoid  leading  the  liedted  capacity  of  the  under¬ 
ground  sump. 


e.  Conventional  Plumbing.  Conventional  sanitary  utili¬ 
ties,  emplaced  as  detailed  In  I'M  5-302,  may  be  employed  for  occupied 
•truotures  navlng  a  piped  vater  supply.  Except  vhere  a  blast  resist¬ 
ant  central  vater  supply  exists,  thsse  utilities  should  be  augmented 
by  bucket  and  avap-type  faoilltiea.  Outfall  ahouJd  be  of  cast  iron, 
concrete,  or  oorrugat^  ateel  pipe  and  ahould  be  to  a  lagoon,  a  con¬ 
ventional  sever  system,  or  a  temk-type  facility.  An  undervater  cut¬ 
let  to  a  lagoon  or  stream  would  be  the  most  blast  resistant.  alt;,ou<{h 
conventional  valves  and  a  surge  tank  may  be  used  to  prevrnt  back  flow 
from  blast  overpressure.  Care  muat  be  taken  in  design,  conetruotlon, 
and  provision  for  maintenance,  to  Insure  blaet  protection  for  the 
structure  and  dapendable  operation  of  the  system.  Almost  all  pl'snb- 
ing  fixtures,  valves,  and  piping  designed  for  domeetle  usage  have 
sufficient  strength  to  withstand  the  subsoil  earth  presaures  of  50- 
pel  side-on  overpreesurt  region.  Brittle  pipes  such  as  those  fabri¬ 
cated  from  asbestos,  concrete,  or  impregnated  comp>78ltion  fiber  wcu^a 
be  unsuitable  oecause  of  earth  settlemcub  or  appi-ivd  preeaura. 

20.  Emergency  Equipment.  Depending  on  the  type  of  etruoture, 
provisions  should  be  made  tor  enforced  long-duration  occupancy j  dam¬ 
age  to  stardard  exits;  radiation  decontamination  and  monitoring; 


emergency  stracture-eurface  commiinlcat'onB;  ^nd  breakdown  of  the  air 
supply  system.  The  items  noted  In  this  section  should  be  selected  as 
required,  dependent  upon  use,  space,  and  structure  vulnerability. 
Emergency  equipment  should  be  stored  as  close  as  possible  to  the 
center  of  the  basic  structure,  preferably  In  an  accesslule,  protected, 
suofloor  storage  bln.  All  occupants  should  be  acquainted  with  the 
location  and  contents  of  the  emergency  equipment  and  its  use. 

a.  Ixlt-Forclng  Equipment.  Excessive  overprese.u'es  are 
likely  to  cause  partial  failure  of  some  of  the  structure  components. 
Tne  designed  blast  closures  are  most  vulnerable  to  partlsd.  failure, 
Jaamlng,  or  blockage  caused  by  external  debrle  or  transported  soil. 
Ixlt-forclng  equipment  should  be  stored  In  every  etructure  to  permit 
ocevqpants  to  dig  their  way  to  the  surface.  The  eoa^action  and  aelso> 
tion  of  backfill  required  to  satisfy  structural  requlretaents  would 
tend  to  facilitate  such  action.  Exit  from  a  structure  may  be  poesl* 
ble  by  the  following  methods:  (l)  unbolting  the  ’^old  downs”  of  a 
blast  closure;  (2)  excavating  through  an  anglt*of ‘repose  end  wall;' 
(3)  removing  the  e^  from  a  fi'lled*type  emergency  exit;  (U)  unbolt' 
Ing  corrugated  steel  platee  and  excavating;  ($)  unbolting  ona  of  the 
tie  rods  from  a  deadman  to  anlarge  tbs  separation  betwasn  an  end  wall 
and  tha  basic  structure  through  which  to  tunnel  to  the  surface; 

(6)  excavating  below  the  foundation  and  then  up  to  the  eurfaoe,  or 
any  other  method  which  might  apply  to  the  particular  atzwture  eon* 
figuration.  Equipment  that  should  ba  availabla  fbr  such  operations 
are  shovels,  picks,  pry  bare,  wrenches,  haaiaere,  end  ehleelt  .  Ttte 
list  can  be  lengthened  or  shortened  depending  on  the  materials  em¬ 
ployed  in  oonetrustlon  and  the  number  of  occupants. 

b.  Fy?d.  Standard  packaged  rations  should  ba  storad  In 
struotures  Inteniedl  for  loxig -duration  ocevqpaney.  Tha  amount  and 
type  of  these  rations  is  dapendant  upon  tbs  anticipated  niaib-r  of 
personnel  and  the  utilities  available.  The  etenderd  ”C”  and  "3  in  1" 
rations  ere  uultable  for  this  purpose  and  havt  molature-reslstant 
packaging.  The  volume  of  the  standard  rations  is  shown  in  Table  IX; 

Table  IX.  fisergency  Ratlcrn  Requirements 


- ^ - 

Ration 

ftattons/ 

Paekasa 

Welgiit/Pacicsga 

(lb} 

Volume /Trackage 
(cu  ft) 

Small  Detachment,  3  in  ^ 

5 

27 

0.8 

Individual  "C",  Cnotomt 

6 

40 

1.1 

Food  Packat,  IMividual, 

Assault 

2U 

3^ 

1.3 

Pood  Packet,  Survival 

24 

m 

0.63 

Note:  All  rations  listed  are  precooked  and  may  be  oaten  cold  or 

huaterd.  One  ration  1«  the  requlremc-nt  of  one  roan  for  I  day. 
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storage  space  for  the  rations  should  be  organized  no 
that  used  boxes  containing  waste  can  be  stored  in  areas  previously 
occupied  by  the  full  containers.  Cooking  or  other  food  service 
equipment  Is  neither  essential  to  protective  shelters  nor  deslrrble. 
The  heat  and  combustion  products  of  cooking  create  additional  air 
change  requirements.  Rations  may  be  heated,  If  desired,  by  placing 
them  near  the  generator  engine  or  by  Inaerslng  In  drained  engine 
radiator  coolant. 

c.  Communications .  Signal  Corps  equipment  has  been  de¬ 
signed  to  withstand  severe  shocks  or  vibrations  and  may  be  mounted 
in  normal  locations  within  a  protective  shelter.  Kqulpment  shcvld 
not  be  affixed  to  or  placed  adjacent  to  outside  walls  or  structural 
partitions.  Wires  should  enter  the  structure  by  protected  means, 
similar  to  those  which  have  been  described  for  water  supply  pipes, 
ftitranceways  furnish  excellent  accessibility  and  a  means  of  avoiding 
sharp  structure -ground  differential  settlement.  Cables  can  be  at¬ 
tached  loosely  to  the  baele  structure  for  convenience,  but  slack 
should  be  left  in  the  lines  to  avoid  parting  In  the  event  of  partial 
deformation  of  the  structure  under  excessive  overpressures.  A  tele¬ 
phone  within  a  blast  resistant  cannlstar  close  to  ths  utracture  en¬ 
trance  at  ground  surface  would  be  advisable  to  Insure  outside  com¬ 
munications  after  a  damaging  attack.  Instructions  for  olgnallng  by 
striking  the  blast  door  nay  be  posted  outside  of  the  structure.  A 
filled  steel  pipe,  ednialnlng  wire  with  leads  for  attachment  to  a 
handset  or  other  telephone  equlpswnt,  could  be  run  from  the  struc¬ 
ture  to  the  surfbce  to  facilitate  post-attack  oosmunloatlons .  Stand¬ 
ard  sl^Ml  equipment  can  wiihstand  nuclear  shocks  experienced  within 
protective  shelters,  as  has  been  proved  by  weapons  effects  tests.  A 
radio  anteou,  tested  by  exposure  to  high  nuclear  overpressure.  Is 
Illustrated  In  Fig. 

An  alann  system  should  be  orovlded  all  protective 
structures  by  which  alerts  Issued  centrally  are  sounded  within  the 
structures.  Bells  or  busters  should  be  esiployed  for  s'v>h  purposes. 
They  should  be  connected  by  blast  resistant  lines  placed  r.s  dercrlbod 
for  the  other  signal  equipment.  The  central  station  for  the  alarm 
eystem  ehould  be  In  a  blaat  reeletant  etructure  and  it  should  be 
possible  to  test  the  alarm  faollltlss  at  any  tlms  to  Insure  tiielr 
correct  operation. 

d.  IBnergency  Air  Treatment.  Certain  oquipment  Is  avail¬ 
able  which  would  Increase  the  time  period  a  personnel  sholtev  m,j 
remain  habitable  without  edequate  air  change.  Examples  erj  Chemical 
Corps  oxygen  regeneration  mask  assemblies j  tat.ks  of  compressed  oxy¬ 
gen  or  air  with  Individual  masks;  and  commercial  equipment  such  as 
air  purifiers  and  oxygen  regerrrators.  Obstruction  jr  other  failure 
of  the  alr-clrculating  equipment  could  be  offset  by  use  of  the  snuTg- 
er.cy  equipment  or  by  opening  the  blast  closure,  checking  for 
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Fig.  54.  Blast-t«»ted  uxttnwm,  lact«llJitloa.  1 

\ 

\  alr'Carriad  r«^l«tlon.  Should  turfue*  rudlatioB  he  high  ead  ‘Ja»  elr  ! 

oonbenioated,  the  use  of  the  stenderd  protective  aesk  sod  dta^/ossble  ’ 

clothing,  such  ss  coverslls,  gloves,  boots,  sod  hoods,  would  pemlt  j 

the  occupsnts  to  open  the  blsst  closure  sod  circulste  the  sir  wltb> 
out  leaving  the  structure  or  receiving  s  hsraful  rsdistlon  dossge. 

( 

As  with  sU  of  the  eaergency  snd  other  opersting  | 

equipment,  procedures  to  be  followed  under  foreseesble  oirousstsaoes 
should  be  itesited  sad  esch  occupsnt  should  be  fMBilisriead  with  toe 
ssfety  procedures  sad  the  equipesent  operstion. 

e.  Rsdlologicsl  Pefensr  JtquiiMnt.  Sqiiipoent  suob  ss 
tae  tsetiosl  dosiswter  Rsdlscneter  snd  teehniosl  self-resdiag 

dosiswters  should  be  svsilsble  in  sU  rsdistioa  decootesdnstion  sts* 
tions,  snd  their  use  is  sdvissble  within  sny  persosucl  shelts'*.  Dis¬ 
posable  clothing,  tape,  and  boots  sbouid  be  stored  within  any  stnw* 
ture  froD!  ^diich  Bcr.ltors  will  check  surface  radiation.  Dose  rate 
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radlacmeters  are  required  to  confirm  the  safety  of  filtered  Incoming 
air,  and  to  check  for  lea.'. age  around  blast  closures.  Means  by  which 
a  ^stlght  seal  can  be  made  about  an  entrance  should  be  on  hand  with¬ 
in  the  structure  and  may  be  only  a  large  pla6l.i.c  film  which  can  be 
tacked  or  taped  around  the  entrance -struck  "t  ^lunctlon.  A  means  of 
measuring  radiation  on  the  surface  (Fig  Is  suitable  for  uce  of 
an  Ai^/VDR-1  monitor  with  an  extensible  nandle  section  or  a  self¬ 
reading  technical  d'^slmeter  mounted  on  a  rod.  Other  equl'.  "“rt  which 
can  be  employed  for  radiation  safety  discussed  In  IM  3''^2i^-203, 
Accessory  Equipment  fcr  Protective  Shelters.  Includes  description  of 
the  antlBlast  closure,  antibackdraft  valves,  an  air-pressure  regu¬ 
lator,  and  a  contaminated  clothing  chute. 


V.  STANDARDL^ED  D2SI0R  PROCEDURE 

21.  general .  The  procedures  by  which  the  field  engineer  ful¬ 
fills  the  requirements  placed  upon  a  protective  structure  design  are 
Itemized  to  ensure  comprehensive  coverage  of  structure  design  and 
utilities  selection.  The  variety  of  choices  avallsble  to  the  field 
engineer,  the  importance  of  continuity  In  the  assembling  of  compon¬ 
ents  to  form  a  structure,  and  the  selection  of  adequate  utilities 
for  the  structure,  however  call  for  a  system  of  design  steps  to 
provide  a  logical  procedure  which  Is  developed  In  this  section. 

This  method  Is  followed  In  the  design  of  sample  protective  structures. 
The  samplo  structures  are  not  singular  solutions  to  the  requirements 
set  forth  because  such  factors  as  material,  time,  constructive  effort, 
and  utility  availability  necessitate  widely  varying  design  criteria. 

22.  Development  of  Procedure  Sequence.  The  basic  tools  In  the 
design  of  structxures  by  proved  components  are  set  forth  In  Tables  V 
and  X.  In  a  logical  sequence,  these  tables  are  used  as  an  a.'d  in 
structure  design.  Certain  factors,  such  as  materlclr,  aanpot.<-r, 
equipment,  time,  and  function  of  the  stnicture  should  be  considered 
before  oos^onent  selections  are  made  from  the  appropriate  tables. 

The  steps  of  the  procedure  are  presented  in  detail  In  the  following 
subparagraphs : 


a.  Establish  Minimum  Structure  Bequlreamts.  The  direc¬ 
tive  for  the  design  of  a  protective  structure  should  be  aocompan'ed 
by  certain  specific  Information  which  the  field  engineer  reouirea  aa 
bails  for  the  design.  This  required  Information  Ineludea  the 
following: 


(l)  Intended  Stinicture  Saployment.  A  deacrlptlon  of 
the  use  for  which  the  structure  Is  intended  Ic  the  principal 
criteria  of  design.  This  descrlpwlon  may  be  designation  for 
storage,  emergency  peroonnel  shelter  or  other  classification, 
as  c'^proprlate . 


Table  X.  Protective  Structures 
and  Structural  Components 


Structure  Oomnonents  Designs 

References 

Basic  Struc* 

1.  Circular  Corrugated  Steel 

9a 

11,12 

turns  (par,  9) 

Cattle  Pass 

9a 

1,11 

(length 

2.  Corrugated  Steel  Arch 

yo 

11,14,15,16 

Isaoaterial) 

3*  Circular  Reinforced  Concrete 

9c 

18,19 

k.  Timber 

9d 

11,111,20,21, 

22,23 

ted  Walla 
(par.  10) 

1.  Oaadaan*Supporte<i  ted  well 

2.  Structure*  and  Oeadaan*Supported 

ICa 

24,25,26,28 

(see  Table  IV) 

ted  wmu 

10b 

25,27,28 

tetrance  Con* 

3.  iartb  at  Angle  of  Repose 

1,  Vertical  Tiibe  to  Horizontal 

lOo 

figuration 
(par.  11) 

Passage 

2,  Vertical  Shaft  to  Porlzontal 

lU 

29,30 

(see  Table  V) 

Passage 

lib 

31,i>9 

44,45 

3.  Borltontal  tetry  from  Surface 

U.  tetrance  Throu^  an  Exposed  ted 

lie 

wail 

lU 

36,39,45 

Pilled  Tube  teergency  Ixit 

lie 

J2,33 

Blast  Resist* 

1.  Designed  Personnel  Hatch 

12a 

30,34,35 

aat  Closures 

2.  Closure  for  a  Rectangular  Cuaft 

12b 

31.36 

and  Trcass 

3>  Designed  Walk*Througb  Door 

12c 

37.42.45 

38.39.45 

(P«.  12) 

U.  Massive  Drawbridge  Door 

12d 

Door  Fraae* 

1,  Corrupted  Steel  Retaining  Rings 

13a 

30.34,40 

8\9porting 

Foundation 

2.  Reinforced  Concrete  Bearing  Pad 

3,  Concrete  Rectangular  Hatch 

13b 

35,41,42 

(P*r.  13) 

Foundation 

130 

43 

U.  Walk*Through  Door  Foundation 

3.  Reinforced  Concrete  Frame 

13d 

44 

Fcu’:datlon  for  Mawslve  Door 

13* 

38,39,45 

Floors 

1.  Sand  or  terth 

lU 

(P«r.  lU) 

2.  Sectional  Wood  Flooring 

3,  Pierced  Steel  Plank 

I4b 

14c 

U.  Concrete 

I4d 

46,47,53 

Rota;  Components  In  each  olasslficatlon  sr*  .Istad  in  the  order  In 
which  their  use  should  be  considered. 

Selection  of  a  component  from  each  el&st-'lflcatlon  is  independent 
of  selections  from  the  otner  olasslfications. 


(2)  Volume  cf  Storage  Requlretrents .  A  preclee  des¬ 
ignation  of  the  equli-.aent  to  be  stored  within  the  structure  or 
the  volume  required  for  bulk  storage  should  be  provided.  Ihls 
Information  may  accompany  the  directives  for  the  use  of  storage 
structures  or  may  constitute  the  requirements  for  auxiliary 
storage,  secondary  to  another  principal  structure  utilization 
(that  Is,  such  as  a  need  to  store  crew-served  weapons  and  ammu¬ 
nition  In  a  personnel  shelter). 

(3)  Number  of  Occupants.  This  number  Includes  the 
permanent  party  who  might  live  or  work  in  a  structure  continu¬ 
ously,  the  number  of  persons  who  might  work  or  seek  protection 
in  a  structure  under  emergency  conditions,  or  the  persons  who 
may  find  shelter  In  a  storage  structure. 

(4)  Duration  of  Stay.  Either  the  directive  or  the 
field  engineer  must  set  the  duration  which  the  stnicture  occu¬ 
pants  may  be  required  to  stay  In  place  and,  as  In  a  continuous 
oecupcuicy  working  station,  remain  without  receiving  suppllec  or 
leaving  the  shelter.  This  Information  Is  required  to  establish 
air  change,  fuel,  food,  and  water  storage  requirements.  A  time 
for  emergency  occupancy  of  the  structure  may  also  be  selected. 
The  Interval  la  set  b''  factors  such  as  the  tactical  mission  of 
the  personnel,  the  number  of  people  to  be  sheltered,  and  the 
mobility  and  communications  of  the  personnel  If  area  evacuation 
Is  required.  For  example,  personnel  may  be  able  to  leave  a 
shelter  with  a  secure  eommunlcations  system  and  thus  receive 
directions  and  routes  for  evacuation  at  an  earlier  time  than 
they  would  had  the  time  of  exit  from  the  shelter  been  determined 
on  the  basis  of  dose  rate  measured  at  the  structure  entrance. 
Forward  tactical  positions  may  be  designed  on  the  basis  of  two 
to  four  hours'  emergency  occiqpaney,  as  the  personnel  wom14  be 
required  to  man  battle  positions  or  effect  test J cel  man.^uvers 
Immediately  after  an  attack.  Structures  located  where  the  per¬ 
sonnel  would  not  be  required  for  innedlate  poct-chot  activities 
(as  In  shelters  provided  for  civilians  or  administrative  per¬ 
sonnel)  ma}'  be  designed  to  pezmilt  longer  periods  of  stay. 

(3)  Special  Entrance  Conalderattone.  Storage  of  ma¬ 
terial  of  large  almenslons  or  requiring  special  handling  may 
necessitate  special  entrance  designs.  If  these  speclflcatlo.ns 
preclude  the  use  of  vei;  tlcal  shafts  or  require  special  hauling 
squlpmaahtfb4^talled  descriptions  of  the  stored  material  should 
be  furnished  with  the  other  design  criteria. 

(6)  Overpressure  Ref;lon.  Specification  of  a  design 
side -on  overpressure  region  need  uot  be  made  except  when  It  Is 
desired  to  provide  protection  much  greater  or  much  less  than 
that  for  50  psl.  The  large  amount  of  data  a'^ailable  from  tests 


in  the  30-psl  region,  the  realizbtion  that  absolute  pzx>tection 
is  a  practical  impossibility,  and  the  need  to  design  on  the 
basis  of  pressure  to  achieve  balanced  design  of  structure  com¬ 
ponents  Indicate  the  advisability  of  using  50-psi  side*on 
overpressure  for  ailitsury  tactical  purposes. 

(7)  Special  Bcuipment  and  ftequirements  of  the  Com¬ 
mander.  Use  of  cooDunicatlons,  plotting,  or  ..osputlng  special¬ 
ized  equipment  as  msy  affect  the  generator,  the  floor  area,  the 
height,  or  other  requirements  should  be  included  %rith  the  cri¬ 
teria.  The  cotsaander  should  pexvit  the  field  engineer  to  exer¬ 
cise  latitude  in  selection  of  materials  and  designs.  Special 
requirenrnts  for  facilities  should  be  set  forth  vith  the  initial 
criteria,  as  underground  construction  discourages  later  altera¬ 
tions  or  additions. 

(6)  Special  Criteria.  The  folloving  items  nay  or 
smy  not  be  Incluae^  in  t^s  directive  of  deslga: 

(a)  Duration  for  vhich  the  structure  will  be 
required,  nils  is  a  factor  which  may  deteralne  the  util¬ 
ity  of  tiaiber  or  the  necessity  of  applying  paint  or 
preservv.civ«e . 

(h)  TIm  available  for  ocostruction.  This  smy 
prohibit  the  use  of  poured-in-plaee  concrete  or  of  materi¬ 
als  not  within  the  unit  area. 

(e)  Specification  of  unit  responsible  for  con¬ 
struction.  The  directive  of  deslga  is  incorporated  in  an 
operations  order. 

(d)  Provision  for  protection  sg2.inst  conven¬ 
tional  weapons.  Huclear  blast  resistive  structures  do  not 
provide  Inherent  protection  from  conventional  weapons 
other  than  small  arms.  Protection  against  destruction  by 
boa&  or  shell  penetration,  hiidi  explosive  cratering,  or 
shattering  effects  must  be  considered  separately.  Such 
situations  may  be  mitigated  by  addition  of  a  burster 
course  and  would  require  considerably  deeper  burial  of  the 
structures.  Deeper  placement  would  not  reqtdre  additional 
strength  because  the  increase  in  deed  load  would  V  s  mo'^e 
then  offset  by  attentuation  of  blast  loading  with 

b.  Ascertain  Material  Availability.  The  first  step  of 
the  field  engineer  after  receipt  of  the  uinlmum  striietxue  require- 
ownte  is  to  determine  the  materials  available.  The  procedure  may  be 
i  Japllfied  by  a  review  of  the  minimum  structure  requlr<*mente  and  a 
search  for  the  materials  of  construction  in  order  of  desirability  of 
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emplojTnent,  ae  set  forth  in  Table  X.  Ae  an  example,  for  a  etructure 
not  requiring  a  mabslve  drawbridge  or  walk-through  exterior  door, 
the  field  engineer  ahould  determine  If  corrugated  steel  arch  material 
is  available  fox-  the  structure  and  need  not  extend  his  search  to  In¬ 
clude  the  other  structure  materials.  Timber  for  deadmen,  footings, 
and  end  walls  and  steel  stock  for  hatch  fabrication  are  required  In 
almost  all  structures.  The  pertinent  Information  for  the  various 
types  of  materials  of  construction  follows: 

(1)  Corrugated  Steel.  The  availability  of  arch- 
type  corrugated  steel  should  be  ascertained  as  to  varying  gages, 
radii,  amounts,  section  characteristics  (type  of  steel,  pitch, 
and  depth  of  corrugation  if  other  than  2  inches  by  6  inches, 
American  commercial  standai'd),  and  types,  such  as  flakiged  or 
preassembled  sectional  plate.  Data  required  for  strdight-type 
coriugated  steel  sheets  are  the  gage,  the  pitch  and  depth,  the 
sheet  length,  the  steel  type  (if  other  than  that  of  standard 
American  comercial  practice,  fy  ■  27>00C  to  26,CXX)  psi),  and 
the  amount  available. 

(2)  Concrete  Pipe,  Should  the  type  of  structure  or 
scarcity  of  corrugated  steel  indicate  that  concrete  pipe  may  oe 
employed  advan-tageously  in  the  construction,  the  data  required 
would  be  the  diamstr",  the  wall  thickness,  the  length  of  sec¬ 
tions,  the  number  of  sections,  end  the  specifications  to  which 
the  pipe  was  made.  If  the  internal  construction  of  the  pipe  is 
in  doubt,  the  D-load  to  produce  a  0.01-inch  crack  and  the  D-load 
to  produce  the  ultimate  load  should  be  ascertained  by  test. 

(Cf.  Section  III,  par.  9c,  "ClrcxUar  Reinforced  Concrete.") 

(3)  Concrete  In-Place  Construction.  The  information 
required  to  determine  the  suitability  of  concrete  in-place  con¬ 
struction  is  the  availability  of  the  cement,  suitable  ^’ggre- 
gates,  and  reinforcing  which  may  be  cf  different  sizes,  lengths, 
and  types  (applicable  to  foreign  construction  wliere  different 
deformation  patterns  may  effect  certain  design  criteria) .  In 
addition,  material  suitable  for  construction  of  forms,  false¬ 
work,  and  scaffolding  must  be  available. 

(U)  Timber.  Timber  may  be  required  for  every  struc¬ 
ture  for  use  in'passagevays,  shafts,  shaft  closures,  end  walls, 
footings,  deadmen,  or  in  the  basic  structure.  The  field  engi¬ 
neer  khould  obtain  a  list  of  sizes,  lengths,  amounts,  typen, 
grades,  and  conditions  (green  or  air-dry)  of  timber.  The  de¬ 
tailed  information  may  be  used  to  determine  the  applicability 
of  the  approximate  design  method  presented  here  or  may  show 
that  the  design  assumptions  must  be  modified  because  of  a  largo 
departure  from  the  average  values  used  in  the  derivation.  The 
availability  of  treated  timber  or  preservative  coating  compound 


should  be  detemlned  for  semlpernirnent  structure  design  In 
moist  or  orgai;ic  soil.  In  addition,  suitable  timber  fasten¬ 
ings  must  be  available. 

(5)  Structural  Steel.  It  is  not  necessary  to  obtain 
inforration  on  the  supply  of  structural  steel  unles*  cpeciflc 
structure  requirements  or  the  scarcity  of  other  material  neces¬ 
sitates  this  type  of  construction.  An  e;tcept'-'n  may  be  made  in 
the  use  of  structural  steel  for  deadeen  and  foiLtdations  for 
semipermanent  construction,  and  in  the  need  for  steel  in  clo¬ 
sures,  frame,  and  frame  foundations.  If  t}ve  steel  Is  available 
only  in  limited  lengths  and  shapes,  specific  data  on  the  sec* 
tions  and  lengths  are  required  prior  to  design.  Othervlse,  the 
design  should  be  based  on  the  section  modulus  and  use  of  struc¬ 
tural  intermediate  steel  (AffIM  A-7)>  Selection  of  sections 
which  will  match  or  fulfill  these  design  requirements  then  can 
be  made. 

(6)  Utilities .  The  swans  of  supplying  the  utilities 
must  be  decided  prior  to  structure  design  to  provide  the  area, 
storage,  access,  and  alcove  requirements  which  murt  be 
incorporated . 

c.  Construction  Time.  Depending  on  the  poeition  of  the 
field  engineer  and  the  requirements  of  the  cosasukler,  the  time 
available  for  construction  can  be  a  factor  influencing  the  selection 
of  materials  and  the  structure  design.  This  factor  is  closely  re¬ 
lated  to  the  equipment  available  because,  with  sufficient  time,  soete 
work  may  be  feasible  without  special  tools.  An  example  would  be  U»* 
placement  of  concrete  pipe  or  strictural  steel  without  adequate 
power  lifting  equipment.  Similarly,  the  lack  of  skilled  manpower 
may  prohibit  certain  types  of  In-piaoe  concrete  or  steel  construc¬ 
tion  when  time  Is  critical. 

d.  Site  Characteristics.  Site  oharacterlstios  may  be 
“'nneldered  in  design  by  the  field  engineer.  If  a  speelric  site  has 
been  designated  for  the  structure,  the  backfill,  t  requirement  for 
borrow  backfill,  the  water  table  elevation,  and  the  runoff  charac¬ 
teristics  of  the  surrounding  area  should  be  determlnsd.  In  other 
clrcvmistances,  the  structure  may  be  designed  and  then  an  appropriate 
site  may  be  selected  by  the  field  engineer. 

s.  Design  of  Structure.  WHh  data  obtalucd  f'om  the 
ateps  Just  given,  the  final  design  may  be  made.  chronological  -le- 
quence  with  appropriate  explanations  ueadlng  to  the  completed  design 
is  presented  in  the  following: 

(l)  SstabllGh  the  specific  utilities,  the  emergency 
eiiulpnicnt,  and  the  entrance  configuration  to  be  employed. 
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Reference  uhould  be  made  to  Table  V,  "Selection  of  Utilities 
Based  on  Structure  Utilization,"  and  the  structure  requirements. 
Means  of  electric  power  supply  should  be  selected  on  the  basis 
of  equipment  and  llgliting  needs  and  a  prc’ Jtlnary  selection  of 
air  treatment  equipment. 

Final  selection  of  the  air  trectment  facility  Is 
based  on  air  change,  humidity,  and  temperature  restrl-tlons. 
Temperature  rise  and  ventilation  loads  are  computed  frcm  the 
following  factors: 

(a)  Number  of  occupants. 

(b)  Heat  output  of  the  generator  engine  cooling 
system.  (Cf.  "Specifications  for  Military  standard 
Oenerators.") 

(e)  Heat  uatput  of  the  generator  itself*  (mul« 
tiply  the  kilowatt  capacity  by  38  to  obtain  heat  output  in 
Btu  per  minute ) . 

(d)  Beat  output  of  attached  electrical  equip* 
ment  may  be  tak«—  as  the  full  kilowatt  capacity  of  the 
generator  less  the  power  xued  by  a  separately  located 
filter  exhaust  fan. 

(e)  Heat  output  of  the  occupants  (2000  K  eal/day). 

(f)  He«t  ouCi;ut  of  a  gasollne‘Onglne'drlven  filter, 
if  applicable. 

Steady*state  flow  conditions  should  be  used  for 
long-duration  occupancy  structures  requJrl''^  filter  s/ctaas. 

Heat  transfer  to  the  structure  walls,  floors,  or  other  surfaces 
may  be  neglected.  Table  VT,  "Ventilation  and  Space  Require - 
~rt8  for  Protective  Structures,"  provides  the  assentlal  pei- 
sonnel  data  for  design. 

Upon  selection  of  the  filter  unit  and  generator, 
compute  and  list  the  required  supplies  for  the  duration  of  oc¬ 
cupancy.  If  the  structure  Is  for  continuous  use  and  the  emerg¬ 
ency  equApmetit  Is  to  be  employed  for  presnot  use  (not  desirable 
for  gasoline  engines  but  practical  for  electric  motors  •r.d 
lights),  add  to  the  aunounts  computed  the  quant.lty  of  supplies 
that  will  be  necessary  to  provide  for  nonemergency  operation. 

*  If  the  generator  or  alr-fllter  unit  is  placed  In  an  alcove  which 
Is  duc+ed  directly  to  the  exhaxiat  8'’rge  tank  these  heat  sources 
tray  be  eliminated. 


The  equipment  In  use  aiid  the  Interval  between  resupply  are 
sufficient  fo:-  estimating  purposes. 

Entrance  geometry  is  determined  primarily  on  the 
bases  of  Intended  structure  employment,  specific  requirements 
set  forth  in  the  design,  the  directive,  and  the  size  of  the 
equipment  to  be  transferred  after  the  structure  has  been  com¬ 
pleted.  It  should  be  determined  whether  the  r*nerator,  filter 
units,  or  other  large  items  of  equipment  are  to  be  placed  dur¬ 
ing  construction  (desirable  when  vertical  entrance(.<i)  is  to  be 
used)  or  are  to  be  placed  after  the  structure  has  been  com¬ 
plete.  Imploynant  of  a  vertical  shaft  may  depend  solely  o-> 
the  desirability  of  removal  or  replacement  of  installed  utility 
equipment.  Consideration  should  be  given  to  possible  location 
of  larger  units  of  equipment,  such  as  generators,  at  the  base 
of  shafts,  connected  by  personnel  passage  to  basic  structure 
(Fig.  U8). 


Water  supply,  sanitary  utilities,  and  emergency 
equipment  to  be  placed  within  the  structure  are  specified  by 
structure  utilization  and  avallble  non«‘ergency  uziiitles-  As 
is  so  with  the  fuel  and  lubrication  storage,  the  supply  of  wa¬ 
ter,  food,  and  other  expendables,  should  Include  an  allowance 
for  periods  between  resupply  for  preshot  nonemergency  use  of  a 
structure.  The  actual  design  of  a  latrine  alcove  stay  be  made 
at  this  point,  depending  on  utilities,  requirements,  and  utili¬ 
sation.  Requirements  for  special  radiation  fS'Ai.lties  such  as 
a  separate  decontamination  room  and  equipment  should  be  noted 
for  incorporation  In  the  stneture  design. 

(2)  Compute  the  required  floor  area  and  the  volume 
of  the  basic  etructure.  The  taoes  are  the  n'snbc'*  of  man,  koe 
volwe  required,  end  the  area  neresenry  for  stoivige,  equipment, 
and  movement. 

(3)  Design  the  basic  structure.  Use  Tabie  X,  "Pro¬ 
tective  Structures  and  Strvctural  Components,"  and  the  compiled 
lists  of  building  materials,  prefabricated  shapes,  equipment, 
time,  personnel,  and  the  like  at  hand.  When  a  choice  of  struc¬ 
ture  radius  is  available,  the  following  consideration  ahould  be 
made:  The  volvsne  of  material  to  be  excavated  and  the  volume 
which  must  be  replaced  and  compacted  is  a  variable  composed  0.* 
a  firsd  quantity  (related  to  the  area  and  depth  of  U'e  strun.. 
ture)  and  a  term  which  is  roughly  proport ioncl  to  tht  perimeter 
of  the  structure.  Thus,  a  squaru  structure  requires  lees  exca¬ 
vation  than  an  elongated  rectangle  of  the  same  floor  area.  Kow- 
evor,  the  stronger  structural  section  required  for  longer  spans, 
and  the  Inherently  greater  resistance  to  failure  of  shorter 
spans  (based  oi!  the  empirical  analysis  of  nucleat  weapo.is  el  .sets 
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tests)  are  factors  which  recomuend  an  elor^ated  short-span 
structure.  As  a  rule,  emergency  personnel  shelters,  alcoves, 
and  entrances  lend  themselves  to  use  of  circular  steel,  precast 
concrete  pipe,  and  timber  basic  structure.  Long-duration  occu¬ 
pancy  living  and  working  stations  require  a  greater  width  of 
fl.oor  space  than  storage  structures.  These  should  be  trade  as 
r  .rrov  as  working  space  and  stored  material  dlmensiona  permit. 
Where  possible,  a  shaft  should  be  used  for  storage,  '''e  ad- 
vantcvge  of  reduced  acceleration  with  depth  maybe  noted. 

(U)  Design  the  entrance  configuration  and  the  alcoves. 
The  entrance  configuration,  as  determined  from  previous  analysis, 
and  the  nececsary  alcoves  as  dictated  by  utilities  and  special 
requirements,  are  designed  for  compactness  of  the  overall  struc¬ 
tural  plan;  functional  operation  of  the  structure's  utility  com¬ 
ponents;  iTidependent  response  of  the  various  structursl  compon¬ 
ents;  snd  aboveground  considerations  (for  example,  separation 
of  the  structure  air  Intake  and  the  gasoline-engine  exhaust). 

The  emergency  exit  should  be  located  In  an  end  wall  and  should 
be  within  a  quarter  of  a  structure  span  from  the  centerline  of 
the  basic  structure. 

(;)  Design  ‘'’he  end  walls.  The  specif lo  design  of 
those  end  walls  which  are  not  integral  parts  of  alcoves  or  en¬ 
trances  Is  mads  after  the  location  of  all  of  the  various  com¬ 
ponent  structures  (alcoves,  entrances)  is  fixed.  Selection  l.s 
based  on  considerations  similar  to  those  mad#  for  tba  baalc 
atrueturs  design.  Zndspsndant  responst  of  tbs  various  struc¬ 
tural  components  Is  desirable  and  Je  deteniilned,  to  a  large 
extent,  by  end  wall  design  snd  construction. 

(6)  Select  or  design  the  blast  resistant  cloe'Tes 
and  frames. 

(7)  Design  the  supporting  foundatlou  for  the  door 

frame. 

(8)  Select  the  floor  type  and  daslgn  and  locate  the 
storage  bins.  Punotional  placement  and  accssslblllty  are  crit¬ 
ical  to  the  location  of  the  storage  bins.  Simplicity  should  'wO 
tbs  criterion  for  selection  of  ths  type  of  floor  to  be  eng>loyed 
in  the  structure,  the  alcoves,  and  the  entranoet. 

(9)  ft)s  Ition  the  remaining  utilities  and  lidioate 
operation  or  designation.  These  items  include  the  following: 
Surge  tanks,  blast  closure  valves,  nlr  distribution  ducts, 
antlbackdraft  valves,  fans,  engine  exhaust  systems,  and  storage 
bins.  Locate  •’.tllltles  and  cables  entering  or  leaving  the 
Btruc-ure.  Provide  for  disposal  of  radiation-contaminated 
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material  such  at  filters  and  clotnes.  Locate  and  specify  types 
of  stored  wrecking  and  entrenching  equipment,  electrical 
switchgear,  electrical  dlstrlbr .Ion  system,  and  gastlght  c'.'ls 
for  entrances  (if  required).  Provide  for  a  blast  resistant 
antenna,  exterior  radiation  measurement,  and  such  other  special 
requirements  as  may  be  necessary. 

23.  Design  Procedure.  The  description  and  development  of  the 
directive,  planning,  and  design  procedures  presented  In  Section  V 
can  be  presented  in  the  form  of  worksheets.  These  provide  easier 
reference  and  reduce  the  llkollhood  of  duplication  of  effort. 

2k.  Utilisation  of  the  Design  Procedure. 

a.  Ixasple  of  Ktoergency  Personnel  Stolter.  The  design 
of  an  enwrgeney  per^nnel  shel^r  Is  illustrated  by  exaiqple  work¬ 
sheets  (Exhibits  la,  lb,  and  lo  in  the  appendix).  The  structure  Is 
shown  in  Pig.  36.  The  teslgn  Is  purposely  made  without  corrugated 
steel  which  wculd  otherwise  be  the  most  desirable  material  df 
construction. 

b.  Example  of  Continuous  Occupancy  Woi‘kina  Station.  A 
continuous  ooot;9f.a-y  woxiclng  station  Is  pnsentad  In  which  It  is 
assumed  that  all  materials  and  other  facilities  illustrated  in  the 
system  are  available.  Thus,  the  final  structure  design  contains 
most  of  the  refinements  which  may  be  used  in  field  construction. 

The  worksheets  of  the  design  (Exhibits  2a,  2b,  and  2c)  are  not  com¬ 
pleted  in  detail  as  it  is  sjisusied  that  almost  unlimited  choice  is 
available  to  the  engineer.  The  resultant  structure  Is  shown  In 
Pig.  57. 

c.  Example  of  Drive -In  Storage  Structure.  A  storage 
structure  is  design^  to  iiiustr'te  the  use  of  the  massive  draw-  , 
bridge  door.  The  design  worksheets  (Exhibits  3a,  Jb,  and  3c)  are 
cosvleted  on  the  basis  that  the  material  and  skill  reqiUrcl  for 
duivh  construction  are  available.  The  structure  design  Is  shown  In 
Pig.  3d.  Such  a  desigi'.  Is  not  desirable  if  a  horizontal  entrance 
can  be  avoided  by  the  uce  of  shaft  entry  or  storage. 


VI.  CONCLUSIONS 


25.  Conelutiions .  It  is  concluded  that: 

a.  Reaulta  of  nuclear  weapons  effects  tests  are  of  suf¬ 
ficient  scope  and  quality  that  a  system  of  field  protective  con¬ 
struction  by  the  use  of  proved  structural  and  utility  components  Is 
feasible. 

b.  The  system  of  design  by  proved  components  presented 
here  allows  a  field  engineer  not  trained  In  nuclear  weapons  effects 
to  apply  the  results  of  uuclear  tests  to  satisfy  the  requirement - 
placed  upon  him  for  protective  structures. 

e.  Protective  structures  may  be  designed  as  an  assembly 
of  independent  components  reacting  to  blast  or  shock  loadings  in 
such  a  manner  that  the  reaction  of  one  does  not  weaken  the  resist¬ 
ance  of  another. 
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Title 

SUPPLEMENTARY  MATERIAL 

Exhibit  1.  Example  of  Ehiergency  Personnel  Shelt**r 

a.  Directive  for  Design  Worksheet 

b.  Predealgn  Data  Collection  Worksheet 

c.  Worksheet  for  Structure  Design 

Exhibit  2.  Example  of  Continuous  Occupancy  Working  Station 

a.  Directive  for  Design  Worksheet 

b.  Fredeslgn  Data  Collection  Worksheet 

c.  Workcheet  for  Structure  Design 

Exhibit  3*  Example  of  Drive >In  Storage  Structure 

a.  Directive  for  Design  Worksheet 

b.  Predesign  Data  Collection  Worksheet 
e.  Worksheet  for  Structure  Deslgr. 


Exhibit  1.  Example  of  Emergency  Peraonnel  Shelter 
a.  Directive  for  Dceign  Workaheet 
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1.  Intended  Structure  Bnployment;  Cm€^ene>^  pc»<enn<\ 

Large  Equipment  to  3e  Employed  uithln  the  Structiirc:  is/enfe 


2.  Toat-Shot  Duration  of  Self-Sufficient  Occupancy: 

Baergency  Shelter  ^  hr. 

Continuous  Oaciqpaney  Working  or  Living  Station  daysi 

3.  Description  or  Dimenolons  of  Largest  Item  to  Be  Stored  or  Emplaced: 

_ X  ______  X  _____  trUa^vW*^  v,jefl.pe«S 

Other  Special  Bitrancc  Considerations  :J)2ai]JtjriM-JUXLJLMJ(v 

U,  Nusber  of  Occup  .;ts:  Continuous  Occupancy:  O  , 

fcergency  Use:  40  . 

Continuous  Use  Bnergeney  Awonentatton :  . 

5.  Side -on  Overpressure  Region :_  -jCL.  _P81. 

6.  Time  Duration  for  Which  Structure  Should  be  Designed;  (  6  inontl>B)t 


7. 


ft. 


9. 


10. 


Time  Available  for  Construction  or  Date  Required: 
Conventional  Weapeno  Protection  to  De  Provided:  (no), 
Type  or  Designation  of  Unit  to  Psrform  Construction; 


SquipsMnt  Au0nentatlon  Available  for  Construction;  t'sns 


11.  Specific  or  General  Location  of  Structure;  a. 


126 


b.  Predealgri  Data  Collcobloii  Vfui jitbcet 


1.  Construction  Materials  AvalJ^ble: 

a.  Corrugated  Steel:  (location). 

Ba&lus  Gaga  TiTO  Amount  Available 

Straight  _____  Length 

b.  Reinforced  Concrete  Pipe:  (location), 

"D-Load  Tenta  Heeecoary"  (yea)  . 

(no)  _ • 

Weight  per 

Inalde  Diameter  Wall  Thlcknoao  Section  Length  Section  Amount 

e.  Concrete  Construction: 

(1)  Cement:  _(GacKo,  lb.,  and  the  like)  At Dc^ (location) . 

(2)  Pine  Aggregate (location). 

(3)  Coarae  Aggregate;  D„,. a,. a »ea.  (location) . 

d.  Timber;  Drso  (location). 

Wood 

Site  Length  Amount  Species  Quality  Condition  Preservative 


e.  Structural  Steel:  ASTM  A-7  (yes),  (no). 

(1)  Plate;  ngao  _ (location) . 

Dimenalona 

EJSXL 

X  X 

(2)  Rolled  Sections: 

Section 
A, 

*t>i*ia,en  fnjitff 


Amount 


Length  Amount 
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f.  Utilities  (check  those  feasible  because  of  availability); 

(1)  Electric: v^None  (battery) 

Generator. 

Central  (blast  protected). 

Conventional  or  Public  Nunenergency . 

(2)  Water:  |/^tored  Only. 

Well  Point  Feasible. 

Central  (blast  protected). 

Conventional  or  Public  Ronenergency. 

(3)  Sewage :|/^aergeney  Only. 

Bucket-Type  Latrine  v/Tmak  or  Drain  Field. 
Waterborne  to  Conventional  Sewer,  Itonemergeney. 

2.  Limitations  of  T^me,  Labor,  Btiulpnent  or  Site: 

a.  Time  (if  covered  by  directive):  Cheek  types  of  eonatruetlon 
made  impractical  because  of  limited  time  available: 

In-Place  Concrete. 

Walk-Throu^  Door. 

Drawbridge  Door. 

Limitations  Because  of  Time. 

b.  Later  (if  specified  by  directive  or  otnervlse  apparent):  Check 
typeo  of  construction  made  ir:praotleal  because  of  limited  skilled 
labor  (and  tlm)  available: 

In -Place  Concrete  Structure. 

Structural  Steel. 

Walk -Through  Door. 

Drawbridge  Door. 

p/flo  Limitations  bocauae  of  luxbor. 
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Equipment  (if  specified  or  otherwise  epperent):  Check  those 
types  of  construe tlon  which  ere  Impreotloal  beoeuea  equlpoent 
le  not  evelleble: 


Lerger  ^4  it  or  oore)  DiasMter  Concrete  Pipe  (hoisting  end 
heullng). 

ln«Pleee  Concrete  Structure  (alxlng). 

Strueturel  Steel  (piecing  end  welding). 

Drasdirldge  Door  (hoisting  end  welding). 

Restrictions  Beceuse  of  Bquipeent. 
d.  Site  Cherecterlsties  (if  specified  or  known)!  Note  those 
feetures  of  the  site  which  aey  effect  design  or  constr'iction 
■ethods: 

Nigh  Weter  Table. 

Bed  Rock. 

Boulders  end  Cobbles  in  the  Soil. 

Soil  Sulteblllty  for  Deckflll . 

Soil  Preten  to  Depth  or  Pereefrost. 

Restrictions  Bsceuse  of  Site  Cherecterlstios . 
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0.  WorkshMt  for  Stnieture  Doalgn 


J..  Utllltlaa  (TabloV); 

a.  Iloctrlei  4*  uaai* 

Lighting  •  Ro.  of  Llghto  «  (O.l  kw  «a)  _ 

Auxiliary  Slaetrie  fhna 

laatallad  Iquipeiant  Signal,  Radio,  and  tha  Lika 


h. 


kv 


fcv 


kv 


Othar  •  Radar,  Cooputlag,  Ibola,  and  tha  Lika 
Augaantad  Lo^ 

subtotal 

Air  filtar  naetrie  Hotor 
(initial  aatlaata) 

total 


ku 


kv 


kv 


kv 


Oanamtor  to  Ba  Ikq^Ioyad  (of •  apaeifieationa  for  allitary 
ataadard  gona*''tora)  kv.  Coclad. 

Diaanalona 


ta.  X 


in.  s 


la.  Malght 


lb. 


Mounting  Typa  (okid)  (tubular  fraaa). 
rual  and  Lubrieation  Storaga  RaquiraiHinti  fori 

Poat-Shet  Oee'.^pbney  bafora  tvaouatloa  or  Raaupply 
Praahot  Uaa,  Tlaa  of  Raaupply  Cyolv  caya. 

totals  day#  or  hr. 

fualt  hr  X  galAr  ■  xal.  (gaa/dlaaal). 

Oils  hr  X  JA/br  •  lb. 

Volwa:  rual  Storage:  ________  ou.  ft. 

Oil  Storaga:  ______  «u.  ft. 

Air  Traatawnt  (ef.  apaeifieationa  for  allitary  atanilarl 
ganaratora): 

Hours  of  Occupancy,  Oaatlght  or  vlth  Filtar  4»  . 


days. 


(twelve  brt  or  leae  eay  require  no  filter  unit.) 


(1)  No  niter  Itelt;  hr  Oeet^ieney. 

Required  per 

Peraon.  Ixtrapolete  No.  of  Oeouplad  Speoe 
Valuea  between  3«12  Hr  Peraonnel  totaJi 

Floor  Area  6  eq.  ft  x  4-o  •  .gydtf  eq.  ft 

Total  terflaee  Area  eq.  ft  x  do.  •  ixto  aq.  ft 

VoliBM  Content  S’A  an.  ft  x  do.  •  XIXO  eu.  ft 

(2)  Naohanleal  Filter: 

‘a)  Air  Chanfe  Baaed  on  Oxygen  Nequirooanta; 


No.  of  Peraonnel  . 

iUnlM  Totttilatloa  Rate  $  efl^reon. 

tltnloMB  Air  Change  5  x  of  Peraone)  *  gfc. 

(b)  Air  Change  Baaed  on  Taaperaturet 


■eat  Output  • 

Peraonnel 

At  Rent  7 

Moderate  Aettvlty  17 

flgoroita  Aatlrlty  d7 


Total 

Btu/aln 
_ Btu/aln 


*  Btu/aln 


Oaoarator  Motor  (if  located  idiera  It  beata  baalo  atruoture 
u>). _ •  Btu/aln 


neetrlut  Llaelcad 


Capacity  of  Oenarator:  ku  x  57  •  Btu/aln 

Oaoerator  Beat  Leaa  (if  located  wbara  it  heav.a 
baalo  air)  (aaaualng  afflelenoy  la  TO)l). 

Capacity  of  Oenarator;  kw  x  57  x  0.43  • 

]Hu/aln 

Total ;  Btu/aln 
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Maxlmim  Desirable  Interloi  Air  Temperature  ______ 

Maximum  Probable  Outnlde  Air  Temperature 

AJP  •  Maximum  Increase  Desirable  In  Temperature  _____ 

Rote:  I  Btu  will  raise  temperature  of  $0  eu.  ft  of  air  T 
Required  efm  Air  • 

dT 

(o)  niter  Ualt  Seleeted:  efM  (Bleotrle)  (Oasol.’.ue), 

Dimensions! 


leurgsst  Component 

In.  « 

in.  « 

in.,  Uel^t, 

lb. 

Overall,  in  Ueet  __ 

e 

N 

1 

in.  X 

la..  Weight, 

Gtorsfie  RequlretMnts!  fuel gal.  Oil  Ib. 

(If  AijC<M6  with  fssellne  engine,  use  values  for  I>l/2>kv 
•snerater  motor.) 

filters,  Dimensions  *  _____  *  . 

e.  Batranee  Conflguratimi 

Required  to  fora  an  Air  Look  (yes)  (no), 
tergonoy  filled  Tvfte  Ixit  (yes)  (no). 

Radiation  Deeontaalnatton  In  (air  look)  (horltontal  entry)  (none). 
Vertical  Personnel  Sntry  (dlasnslon  of  largest  Item  for  passage) 

/  *  !  44.  »  . 

Vertloal  Shaft  (dimension  of  largest  Item  for  passage) 
iwes  *  ■  *  ____ 

lorleontal  Passage  (dlmenelon(e)) 


X 


X 
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Blast  Closures; 


W^lk-Throu^l’  tVv..»  (11  mens  Iona)  afoe*  « 

Double  Walk-Througli  Door  (dimensions)  s/«»»  x 
DntVbrldge  Door  (dimensions)  tTmnt.  x 
d.  Water  Supply: 


Storage  Sequlrenente : 

So.  of  Men  4-o  x  Wo.  of  days  fSt  s  Bate  per  day 

_ M  ®»1  -  iO  g*i 

Plue  Noneoergeney  Storage  o  eel 

total  gal 

Riaiber  of  S*flal  Cane  A  . 

Other  Storage  Means  Q  . 


e*  Saaltary  Utilities t 

Selection  of  Type  Utrlne  j^e»a 
f.  ftMrgenoy  Bqulpaeat  (cheek): 

food  Storage  Bequlrewnt  (TahU  n):  tjrpe  Batton; 

A»s*u  I* . 

X  NO.  of  days  •  Bo.  of  Bationa. 


No.  of  Personnel 

^*^0,  24-  yoa«kis|«S. 

Bo.  of  Bati^  _ B  ott.  ft/)per 


rattoe  •  eu.  ft, 


WrecklAS  oaB  Aitreneblns  Bquiiaent:.  Types  Tit/n.  4  , 

Six  ikaaaUf  4ma  -l^ia  iktai.  u?rgiit.\%  &M- 

Cowunlcatlon  Iqulpaeiitt  Types  e.— 

rrnim.  <iu.UJe  rtafciea^.  -  - . 

Bediae  Xoatnaeats 

Disposable  Clothing,  Type,  Aesjnts  4.a  fcjtrHyUie.  deed. 
Deeontaaination  Bquipnent,  Tyre  u»w*  . 

'Jonteainated  Clothing  Disposal  Bins  ^(no). 
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for  Surfoe*  Radiation  MaaBuraaanta  (oo). 

daatlght  8oal  for  Baokup  of  bitraaea  (yaa) 

Crow  SoTTtd  yaapons  In  Stnioture,  typa 

Battdry-Povarad  Lights^  Portabla  Radloa  la  Strusturai  Typaa 

and  Aaounta  4  li^V»V. . 

Total  Rtoraga  Raqulraaaata : 

Vual  and  Ollt  Cu.  ft  or  Bln  Slta  r>  » 

Watar  and  fbod:  Cu.  ft  or  Bln  81ea(a)  S  du.  9^. 
karganey  IqulpeMnt:  Cu.  ft  or  Bin  BIm  n  a  eu.  <4-. 


h. 


Final  Floor  Araa  (voltaN)i  Floor  Araa  Aa  Prarloualy  Datarmlaad 
Aaardad  for  BQ4lpiaaat  and  Matarlal  Rpaea  Oooupanoy. 

Baalo  Btruetura  Only, 

VoliBM  of  Btruotura  Aa  Pravloualy  Datarmlaad  Amaadad  for  Iqulp* 
■aat  and  Matarlal  Spaoa  Ooaupaaay  ai  gg  eu.  ft. 

8.  Btruetura  (¥&%!«  *): 
a.  Baalo  Btnioturat 

9yf9t  ’Xlmhmt.i  ahclkr 

Width  (radlua):  I  Ja.  _ ft  CT^+t  .f>.  dear 

*«««>«  A3.-£ij _ _ _  ■ 


Floor  Araa  aryj 

Approxlaata  Volwa  j  i 


aq.  ft. 
ou.  ft. 


Foundation  Uavatlon  balov  Oround  Surfaoa 
Mlnlnw  Barth  Covar _ 


iiL 


ri. 

ft. 


b.  bitranea  Configuration: 


( fifi.  >30  a$J  fo)  ' 


Materials  of  Construotlon 


Dimensions  and  Constmctlon  of  Components 

Vertical  from  Surface  3  -  -fa  > 

Air  Lock  Floor  _________  fells. 

Second  Vertical  • 

Borisontal  fiitranoe  Passaee  (p/J.  2»)  » 

Floor  Pa;.U _ Snd  fell 


Oastigitt  Partition  P/mg-im. 


tergeney  Exit  rw/ee  tU¥.  (Pf- 


Alcoves : 

Latrine  -  Distensions  Partitlaa  ________ 

Floor  ______  Structure  Type  _______  ^1*11  , 

Air  Filter  (plus  generator)  Dimensions  /V^aC  Partition 
Floor  _____  Structure  Typ«  ______ 

Oenerator  -  Dimensions  A/eog  Partition  t 

Floor  _____  Structure  Type  ______  ^  fell  _____ 

Special  •  Dimensions  Structure  Type 

Partition  _ Floor  _ Bad  Wall _ . 


Bad  Walls ; 

Type  J4-i-ut.4u.fe.  _ 

Msterlale  of  Construction 
Sketch  Final  Structure  Orientation  vlth  Aloovea,  Batrenees 
and  End  Walla. 


.  Blast  Closures  and  Frames; 
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Praoe  Type  _ _ _ 

Dlaenslons 

t.  Door  Pratne^Stipportlng  Fouudatlon: 

Type _ ^z) 

Olraenelons  - 

aketohee  of  Cloeuree*  PreKee,  and  Potindatlons . 

g.  Ploort 

Type  In  Beele  Struotvure 

Dlameloae  of  Sectional  Wood  Pleer  ' 

Sketch  Location  of  Storage  Blna,  and  with  Concrete  Floor, 
the  Location  of  Expansion  Joints  and  Seorlof . 

h.  Utilities  Loeatlont 

Xnelule  la  Sketoh  Leeatlooa  fbr  Utilities,  Aatlhaok  Draft 
Valves,  Issrgency  Iqulpasnt,  and  the  Alrflov  Arrovs. 


136 


Exhibit  2.  Example  of  ContlnuouEi  Occupancy  Working  Station 
a.  Directive  for  Design  Worksheet 


1. 


3. 


U. 


5.. 

6. 

T. 

6. 

9. 

10. 


Intended  Structure  Bnployment; 

Large  Equipment  to  Be  Employed  within  the  Straature ;  /s/an  m. 

kndl _ ptmwti*.  A-f  At-.  A  4*  -Ct.  J-tmat. _ 

Poat'Shot  Duration  of  Self 'Sufficient  Occupancy: 

Baergency  Shelter  4‘  hr. 

Contlnuoua  0oe^pancy  Working  or  Living  Station  daya. 

Deaoription  or  DinMnaiona  of  Largeat  Item  to  Be  Stored  or  fiaplaced: 

*  U.  X  4-fy.  X  j£_j£. 

Other  Special  Entrance  Considerations:  mtv  laek.  • 

Nuaber  of  Oeettpants:  Sontlnuoua  Oeeupaney;__^i^. 

toargency  Use;  ff/k  . 

Continuous  Use  Baargenoy  Augaantatlon;  2.4-  . 
Side >00  Overpreasuro  Region:  pal . 

TIbm  Duration  for  Which  Struoture  Should  be  Besignad:  f  bSttfe*;). 

I  i«raauent ) . 


Tiaks  Available  for  Construction  or  Date  Eeoulred: ^»/»***.^*^ 
Conventional  Weapons  Protection  to  Be  Provided:  (no), 


type  or  Designation  of  Unit  to  Perform  Conatruotion; 

Iquipawnt  Augmentation  Available  for  Construction t  Aa  • 


11.  Specific  or  Ocneral  Location  of  Structure;  a.  -  . 


_  V*l^t  p«r 

iMlde  Dlaowter  Wall  Tfaleknaos  8«etlon  Lanaih  Saetlon  Aaount 


1.  fc»0  -  ^ 

..  ..  t/r 

e.  CoBortt*  Cosstnutlon: 

(1)  C— at>  (aaeka.  lb.,  aad  th*  Ilka)  At  ^aPfloeatlon). 

(2)  ria*  AaMrmaa^tti  flBeattoB^. 

(3)  Coarta  Aaaraaata ;  t-  (location) » 

d.  Tltd)ar;  ^mP  (location K 

Wood 

Blia  Langth  Aaount  Bpaelaa  Quality  Condition  Pmaarvatlva 

i^oLaukJUSEIZ  Afmdfr.Ht-lIi-J&M _  ...JlfJHA _ 

>aM/a  M-f*--  LCalutulU^at^  ^lAiwt  ./i'rgt^aifc 

a.  Btruotural  Btaol:  ASn<  A-7  (yaa),  (no). 

(1)  Plata:  KsF  (location). 


Dlmanalona 

X  X 


Aaount 

lJn/titti4aJ 


(2)  Rolled  Baetlone: 
Section 
L 


Length 


z±ki-- 


Aaount 

LJnhtmt4mJ 

UuLmiMJ 

UnhmiteJ 


f.  (check  those  feasible  because  of  availability) ; 

(1)  Electric:  i-^jne  (battery). 

t><^n»rator. 

Central  (blast  protected). 
l/donventlonal  or  Public  Noae(aargen'*y. 

(2)  Water:  Stored  Only. 

Well  Point  Veaelble. 

Central  (blast  protected). 

^6onveDtlonal  or  rublte  RoDenerceney. 

(3)  Bewce:  Baereency  Only. 

^ucketo^pe  Latrine  w^onk  or  Drain  Field. 
^/Ilaterbome  to  Conventional  Sever,  Monsnergenoy. 

.  LlBltatlons  of  Tins,  Labor,  Bqulpoent  or  Site: 

e 

a.  YIm  (if  covered  by  directive):  Cheek  types  of  eonetniotlon 
aide  laproetloal  because  of  Halted  tine  available: 

In-Place  Concrete. 

Walk-Through  Door. 

Drawbridge  Doer. 

^lo  Llaltatlons  Because  of  Tlae. 

b.  Labor  (if  specified  by  directive  or  ethervlse  apparent):  Check 
ISrpes  of  construction  node  laprectlool  because  of  Halted  skilled 
labor  (and  tine)  available: 

In-Place  Concrete  Structure. 

Structural  Steel. 

Walk -Through  Door. 

Drawbridge  Door. 


Llnltations  Because  of  Labor. 
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Iqulpaent  (if  specified  or  otherwise  apparent);  Check  those 
types  of  conotructlon  which  are  impraetleal  because  equipasjt 
is  not  available: 

Larger  (4  ft  or  aore)  Dlsneter  Concrete  Pipe  (hoisting  and 

hauling) . 

ln«Plaee  Concrete  Structure  (mixing). 

Struotural  Steel  (placing  and  welding). 

Drawbridge  Door  (hoisting  and  welding). 

Restrictions  Because  of  Iqulpmsnt. 

Bite  Characteristics  (if  specified  or  known):  ilote  those 
features  of  the  site  which  asy  affect  design  or  construction 
methods: 

Bi^  Water  Table. 

Bed  Rock. 

Boulders  and  Cobbles  in  the  Soil. 


Boil  Buitabillty  for  Backfill. 


Boil  frexen  to  Depth 


or  Pemp. frost. 


Restrictions 


Because  of  Site 


Characteristics . 


c.  Woriini'eet  for  Structure  Deolgn 


lUO 


1.  Utilities  (Table  V/: 

•.  Uectrle: 

Lighting  •  No.  of  Ll<thto  .  O  x  (0.1  kv  ea)  /  kw 

Auxiliary  Bleetrle  Fans  ^st  kv 

Installed  Bquipnent  Signal,  Radio,  and  the  Like  ^  kw 

Other  -  Riidar,  Computing,  Tools,  and  the  Like  kv 

Au0aent«d  Lo^ 

Subtotal  "2-  kv 

Air  Filter  Ileetrle  Motor 

(initial  estlsate)  kv 

Total  4-!^  kv 

Oenerator  to  Be  laployed  (of.  speolfloatlons  for  solitary 
standard  gsnerato*^)  ^  kv.  Cooled. 

Distensions  4^  In.  x  In.  x  J4-  in.  Weight  JPao  lb. 

Mounting  Type  (okld)  ftffgptsaa-gMStf^ . 

fuel  and  Lubrleatlon  Storage  Requlreatnts  fort 


Post-Shot  Oeeupanoy  before  Xvaouatlon  or  Rasigply  f  days . 

Preshot  Use.  Tlae  of  Restqpply  Cyole  O  doyp.  #  , 

:  itm  vjg  A#a4<M<x  of  p-swa^  tara'/edfM 

Total:  /A  days  or  hi.  ' 

Fuel:  3^  hr  x  /4r*gal/hr  •  .^7^  sal,  (gas/dlesel) . 

Oil:  34<s  hr  x  .g.y  Ib/h?  •  lb. 

Volase:  Fuel  Storage;  _  .ty  eu.  ft.fgr  AeO/ JuTga/ .dIrHmk) 
Oil  Storage:  (A-  ou.  ft. 

b.  Air  Treatwnt  (ef.  speolfloatlons  for  allltary  standard 


generators): 

Hours  of  Oocupeutoy,  Gastl^it  or  with  Filter  Ccn-hnyauS 


lUl 

(tvelva  hrt  or  Isas  aay  require  no  filter  unit.) 

(1)  Wo  Filter  Ufalt:  hr  Oeeupeney. 

Bequlred  per 

Peraan.  Wetninolute  Wo.  of  OoeupleA  flpeee 
Value  ■  betiwa  3»lg  Hr  Pereonnel  Total 

Floor  Area  6  eq.  ft  s  •  Ji  *0  eq.  ft 

Total  flurflaee  Area  eq.  ft  x  do.  •  /Jiao  eq.  ft 

VoltBM  Content  £o  M.  ft  «  do.  •  Jt4-ao  eu.  ft 

(2)  Meohanleal  Filter: 

(a)  Air  Chaage  Baaed  on  Oit/gen  RequlreMata: 

Wo.  of  Pereonnel  ,  — fil _ • 

NinlaM  Ventilation  Rate  i  ofla/Peraon. 

Min  lit  Air  Change  9  x  4c  (Wo.  of  Peraons)  ■  .Aceptm. 

(b)  Air  Ch«H(a  Baaed  on  Tanperature: 

■eat  Output  - 


Faraonnel 

Btu/aln 

Wo.  of  Faraonnel 

S2l£l 

A%  Rent 

7 

_ eiO _ 

m 

.2/OBtu/nla 

Moderate  Activity 

17 

- /?-■ 

.  m 

/7(g  Btu/aln 

Vigoroua  Activity 

67 

_ g _ 

• 

Btu/aln 

Oenerator  Motor  (if  located  vtera  It  heata  haaie  atruoture 

air) !  f<ffh  ■  Ptu/nln 


SLeetriO!  Llaeloed 

Capacity  of  Oenerator;  a  kw  x  57  •  //4-  Btu/aln 

S**b4fM“  -fim-  mrU  £/AearA 

Generator  Beat  Loae  (if  located  where  It 

haalo  air)  (aaaualng  efflolenoy  la  TOjl). 

Capacity  of  generator;  WA  hw  X  5f  x  O.43  •  o 

Bvu/a}a 


14'c' 

rlaxlnivn  DeBlrabl«  Interior  Air  Tempi' rstux'e  . 

Maximum  Trobable  Outclde  Air  Temperature  (oO  °r 
at  •>  Maximum  Incrcaoo  Deolrable  In  Temperature  AS"  *'?  ' 
Rote:  I  Btu  will  raloe  temperature  of  30  eu.  It  of  air  1°  F. 
Required  cim  Air  -  S.tji/mln_^0  ,  svo  x  £*  ^  ,,o«i 

m  as 

(e)  Filter  Ubit  Selected:  to.oC  efm  (Electric)  f^at1^)i 
Diiasnalons : 

Largeat  Component:  in.  x  ASk.  In.  in..  VelRbt, 

■<.Ta  lb. 

Overall,  in  'Joe:  iS^  in.  x  S-A  In.  x  3.*t  In.,  Hai(bt, 

/JAgOlb. 

Storage  Requirements:  Fuel  o  xal.  Oil  n  lb. 

(if  AnC*M6  wit.\  •aoollne  engine,  use  values  for  l>l/2«kv 
generator  motor.) 

Spare  Filters,  Oiiaensions,  4jX  x  x 

c.  Entrance  Configuration: 

Required  to  Fora  an  Air  Lock  (yes) 
hergeney  Filled  Tube  Exit  (yes) 

Radiation  Deoontaaination  in  (itTpiAsC!^  (horisontal  entry) 

V'^rtlcal  Personnel  Entry  (dimension  r  f  largest  item  Ibr  passage) 


-■^4 _ * _ » - • 

Vertical  Shaft  (diownsion  of  largest  item  for  passage) 


BiMt  Cloturas: 

Uaifc-Thmugh  Drjor  (dlBen«lon»)  A'tnH  *  - 

Double  W«lk>Tbrou^  Door  (dlaei^ione)  >V» />«!._  * 

Dmirt>rld«e  Door  (dimensions)  *  - 

d>  Weter  Supply: 


Storege  Requirements: 


Ro.  of  Men 


X  Ho.  of  days  /d  x  Rate  per  dxy 


Plus  Ronemergsney  Storege 
totel 

lhaiber  of  9*gel  Cens  ^d  « 

ether  Storage  Neeae  - 

0.  Sealtasy  Uiilltl*e: 

Seloetloa  of  typo  Xmtrlae 
f.  aecrfeaoy  Iqulpment  (ofaeok): 


'(1)  - 


flood  storage  RequlretMot  (Table  IX):  Type  Ration:  «n.  i 
Ro.  of  Pereonael  4d  X  Ro.  of  days  •  4d»_  Ro*  of  Ration*. 
Ho.  of  Ration*  doe  x  a.  id  *«•  ft/re»  ration  •  L4‘  ft. 

Wreoklag  and  latrenehlng  Iqulpwint:  Type*  f^ur.  L  U.  Ut* 


Coamnloatlon  Iqulpment:  Type* 


k  e  d  fT^ 


Radlae  Taetnaent*  a. A  s^tf-vgaA’i 

Dispoeabl*  Clothing,  Type,  Amount* 
Deeontaoinatlon  fquipewnt,  type  WiocU  xW>iiu_- 
Contanlnated  Clothing  Disposal  Bins  (yes)l(R^. 


tMJfeie 


Tube  for  Sarfuice  Radiation  MaaBvirefuentB  (yea) 

Oaatigbt  Seal  for  Backup  of  Entrance  (yea) 

Crew  Served  Weapons  In  Structure,  Type  Kt>mo. _ 

Battel^ ■»rovsx‘ed  Lights,  Portable  Radloa  in  Structure,  2yi)C8 
and  Aaouots  As  .-•J 


Total  Storage  Requlrementa: 

Fuel  and  Oils  Cu.  ft  or  Bln  Site  (ap^oA.veAWvj^ 

Water  and  Food:  Cu.  ft  or  Bln  8ite(s)  e>u.  £i . 

Bnergency  Equip:  ants  Cu.  ft  or  Bln  Site 
h,  fj-nal  Floor  Area  (voltase):  Floor  Area  Aa  Previously  Dotemlned 
Awnded  for  Bqulpaent  and  Materiel  Space  Occupancy, 


Basle  Structure  Only, 


sq.  ft. 


Voluw  of  6truotiu*e  As  Pravlously  Determined  Amended  for  Equip. 


■ent  and  Materiel  Space  Occupancy 
2.  Struotura  (Table  X): 
a,  Basle  Structure: 

Width  (radius):  I  zi'A^ 

_ □Ta^a.l  4L  C4.  ■ _ 

Floor  Area _ LjOAg _ 

Approximate  Volutw  _ 

Foundctlon  Aevatlon  belov  Oro'ind  Surface 
MinlravBB  Earth  Cover  _ 


I  cu.  ft. 


sq.  ft. 
cu.  ft. 


Entrance  Conflgiiration: 
(  ,  3o  a.»v4 


jr  m 


1U5 

Matorlale  of  Construction  g.rLoUt. 

Dimensions  and  Construction  of  Componento 


Vartloal  from  Surface  Jik  £*.  t 

it  4»^i»aiaij 

Air  lock  ia>  Floor  jCmUsAc. _ ®‘'**  Wall*  Tim  W- ,  • 

Second  Vertical  a»>-  ^4.  A>mmtAfcr^ _ a  ftay,  » 

Horizontal  btranoe  Passaca  L  tv.  A.^sAa-^,  id.  * 

Floor  _ bd  WaU 


aastigbt  Partition  aa»aWi^  |>\u^  set-  a^ 


(fIC-baW 


harceney  bit  8  -U..  cLa.>.aia>.^ 

Aloovaa: 

Lattfina  -  Diaanaions  Partition ^*^“***** 

floorQ^i^f^^g^  Struetura  Vypa  JXZsteli^Sl. 

44*.  Aiaw>aiar. 

Air  Filtar  (plua  •anarator)  Diaanaiona  im  yy  Partition  Psaf 
Floor  tojSSxmm  Ftruotura  bd  Wall 

Oanarator  •  Olmenalona 

Struetura  Tjrpa 
Spacial  •  OiaMaiona 
Partition _ Floor 


Partition 


bd  Valla: 


*yp*  D»aiii»ai.a 


1  L 


Natariala  of  Conatruotion  TTwWr  •  «»«>-*«< 

batch  Final  Struetura  Oriantatien  with  Aloovaa,  btranea'^, 
and  bd  Walls. 


Slaat  Closuras  and  Fnuasa: 
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Pram«  Type  - _ _ • 

Dlmenalone  _ A.,  .V.  _ . 

t.  Door  Praae -Supporting  Foundation: 

— Srff.atCaWifc  rm^ _ a^at4- a^nA  V^LrU 

DlBan.lona  .  n>ki  m  _ • 

Sketchoa  of  Closuria,  Fraoce^  and  Foundations. 

g.  Floor t 

Type  la  Basle  Structure  .Sg^,.»a.l  >v.>A  CUs»rv^_. 

Olaenslons  of  Sectional  Wood  Floor  9  ix.  ^  f  £x . 
Oietch  Location  of  Sioragit  Bins,  and  with  Concrete  Floor, 
the  Location  of  Expansion  Joints  and  Scoring. 

h.  Utilities  Location: 

Include  Ir  Sketch  Loeetlsna  for  Utilities,  Antlbach  Draft 
Valves,  Bsergeney  Iqulpaant,  ar4  the  Airflow  Arrows. 


f  'r-'*4F -.4/;vr 44  M 


kTJSPgs 


Exhibit  3.  Example  of  Drive-In  Storage  Structure 
a.  Directive  for  Design  Worksheet 


1. 


2. 


3. 


U. 


7. 

b. 

9. 


Intended  Structure  ttaployment;  ao.C»»  *  mr/t  i\.  . 

Large  Equipment  to  Be  Ihiployed  vlthln  the  Structure ;  V\  t 

■^.iSrA^  I _ aLSttSidirffc.  Cr^LftlngCt _ * 

Poet-Shot  Duration  of  Self-Sufficient  Occupancy: 

•nergency  Sieltar  >a|a  hr. 

Continuous  Occupancy  Working  or  Living  Station  hi  ie^  days . 


Doecrlptlon  or  D^nstons  of  lArgeot  Item  to  Be  Stored  or  Aaplaoed; 

4*  U.  X  b  *  ir  <4. 

other  Special  Entrance  Conslderatlone: 

Nuniher  of  Oceuprxtte:  Continuous  Oceupancyt  O  . 

fcergency  Use;  q  . 

Continuous  Use  teergeney  Augmentation;  a  . 
5..  Slde-on  O/erpreBsure  Region:  jra  psl. 

£.  Time  Duration  for  Which  Structure  Should  be  Designed;  p! _ p-^jbiuLWA. 

Time  Available  for  Construction  or  Date  Required;^** ^****3*^ 
Conventional  Weapono  Protection  to  Be  Provided:  (no), 

^rpe  or  Designation  of  Unit  to  Perform  Construction;  fcwj ■»«»»-» 

C  tnt'HwAuia...  _ 

10.  Equipment  Au^rentatlon  Available  for  Construction;  A<, 


11.  Specific  or  General  Loeatlnr  of  Structure;  rv  «  A  CaeVar- 
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b.  Pi-edeslsn  Data  Collection  Worksheet 


1.  Construction  Materials  Avaljable: 

a.  Corrugated  Steel:  ESP  (location). 

Kadius  Page  Type  Aaount  Available 

Ac  raytufi  u.f  15*  Vi  raAtuS  . 

Straight  fra  »ey»»ei.  Length  _____________ 


b.  Relnforeed  Concrete  Pine:  Ac  w#^....^jflQflatlQn\. 


"D-Load  Tests  Reoessary"  (yes)  . 

*  (no)  _ • 

_  Weight  per 

Inside  Dlaaeter  Wall  llileknees  Section  Length  Section  Amount 


Concrete  Construction: 

(1)  Cement ;  Ai  (sacks .  lb.,  and  the  like)  ktesP  (location). 

\r€^u 

(2)  ?lne  Aggregate:  veer  (location). 

(3)  Coarse  Aggregate ;  A'eM (location) . 

Timber;  (location). 

Wbod 

Slse  Lengtt.  Amount  Species  Quality  Condition  Pr^servatlYe 
Al^efjujud  JJUlM*  X,  ,f»» _  _ 

Struotural  Steel'  ASTM  A-7  (yes),  (no). 

(1)  Plate;  ms  R  (location). 

Dleenslons  Awount 

.  As _ taaw  »t*J 

K  X 

(2)  Rolled  Sections: 

Section  Len!;**:  Amount 


Length 


f.  utilities  (cheek  those  feasible  because  of  availability); 

(1)  Electric ;  ^^one  (battery). 

Oenerator. 

Oentral  (blast  protected), 
p/^onventlonal  or  Public  Noaenti  jtncy. 

(2)  Water: Stored  Only. 

Well  Point  Fbasible. 

Central  (blast  protected). 

4  Conventional  or  Public  Ronenergency . 

(3)  8owfe:t/(bsrgency  Only. 

Bueket-^rpe  Xsttriae  v^ank  or  Drain  Field. 
Waterborne  to  Conventional  Sewer,  Roneaergency. 
Lisdtations  of  Tiaw,  Labor,  Iqulpaent  or  Site: 

a.  TiM  (if  oovered  by  directive):  Cbedi  types  of  oonstruction 
oade  iapraetioal  because  of  llaited  tiae  available: 

In-Place  Concrete. 

Wdlk^hrougb  Door. 

DraiAridge  Doer. 

i/^  Lialtations  Because  of  Tiae. 

b.  labor  (if  specified  by  directive  or  otherwise  apparent):  Check 
Sgrpes  of  oonstruction  aade  iapraetioal  because  of  Halted  skilled 
labor  (and  tiaa)  available: 

In-Place  Concrete  Structure. 

Structural  Steel. 

Walk-Through  Door. 

Drawbridge  Door. 

|/^o  Limitations  Becaose  of  Lalw'i . 


it)0 

0.  Kqulpoent  (if  Bp«clfi«d  or  othervlis  apparent);  Cneck  thooa 
typee  of  construction  which  are  Itapractlcal  hecnueo  equipment 
la  not  available: 

Larger  (4  ft  or  acre)  Diameter  Conorete  Pipe  (hoisting  and 

hauling). 

ln«Plaoe  Conorete  Structure  (mixing). 

Struotural  Steel  (placing  and  welding). 

Drat/bridge  Door  (hoisting  and  welding). 

Restrictions  Seoausa  of  Xquljnent. 
d.  Site  Cbaracterlstles  (if  specified  or  known);  Note  those 

features  of  the  site  which  may  affect  design  or  eonalructlim 
methods: 

High  Water  Table. 

Bed  Rock. 

Boulders  and  Cobbles  In  the  Soli. 

Boll  BulUblllty  for  Baokflll. 

Bell  Freten  to  Depth  or  Parmsfrost. 

,  >^o  Restrictions  Because  of  Bit*  Characterlotfcs. 


c.  WorkBhfct  for  Structure  Deelgn 
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1. 


Utilities  (Tutle  V): 

a.  Ueetrlo:  3«.<Ue*^  ^e  V«  u.Mi. 

Lighting  •  No.  of  Lights  x  (O.l  kv  es)  kw 

Auxiliary  Electric  Tans  k*f 

Installed  Equlpcaent  Signal,  Badlo,  and  the  Like  kw 

Other  -  Radar,  Cooqputlng,  Tools,  and  the  Like  k*. 

Au0aented  Load  — — — — 

subtotal  kw 

Air  Filter  Electric  Motor 

(initial  estlnate)  kw 

*otal  kw 

deaerator  to  Be  faployed  (ef.  speclfloations  fbr  ailltaxy 
standard  gsr.rators)  kw.  Cooled. 

Diaensions  la.  x  in.  a  in.  Weight  lb. 

Mounting  Type  (skid)  (tubular  frsae). 


Fuel  and  Lubrication  Storage  Requlreaents  fori 


Post-Shot  Occupancy  before  Evacuation  or  Resupply  days . 

Preshot  Use,  Tine  of  Rest^ply  Cycle  days. 

Total:  days  or  hr. 

fuel: _ hr  x  gal/hr  ■  gal.  (eas/diSBel) . 

Olli  hr  X  Ib/hr  •  lb. 

Volume:  Fuel  Storage:  ______  cu.  ft. 

Oil  Storage:  _______  ou.  ft. 

b.  Air  Treatment  (of.  specifications  for  mllltery  stanAnrd 
generators): 

Sours  of  Occux>ancy,  Oastlaht  or  with  Filter  \i  j  Pk  . 


(twtlvB  hrs  or  leno  nsay  require  no  filter  unit.) 

(1)  No  Filter  Unit:  _____  hr  Occupancy. 

Required  per 

Person.  Extrapolate  No.  of  Cocupled  Space 
Values  betv— n  3-12  Hr  Peroonnel  Tot^l 

Floor  Area  6  sq.  ft  x  _____  ■  _____  ^ 

Total  Sui-r«oe  Area  _ aq.  ft  x  do.  ■  _____  aq.  ft 

Volume  Content  _____  eu.  ft  x  do.  •  _____  cu.  ft 

(2)  Hechonlcal  Filter:  Ney  a^flicakla. 

(«.)  Air  Change  Baaed  on  Oxygen  Requlreoenta : 


Ro.  of  t’ereonnel  . 

Minlana  Ventilation  Rate  ^  cfm/Feraon. 

Nlnlmun  Air  Change  5  x  _ (No.  of  Peraons)  •  _ ^cfta. 

(b)  Air  Change  BMed  on  Temperature: 


Beat  Output  • 

Peraonnel  Btu/nln 

At  Beat  7 

Moderate  Activity  17 

Vigorous  Aotlvlty  67 


No.  of  Peraonnel 


Total 

Btu/mln 

Btu/nln 

Btu/ain 


Oenerator  Motor  (if  located  where  It  heata  basic  structure 

Btu/hr 
-  ’  & 


air): 


neetrla :  Llneloed 

Capacity  of  Oenerator: 


kw  X  57 


■  btu/mln 

•  Btu/sin 


Oenerator  Beat  Loss  (if  located  where  It  heats 
basic  air)  (assuning  efficiency  la  7<^). 

Capacity  of  Oenerator;  kw  x  57  x  0.1*3  • 

3tu/mln 
Btu/mln 


Total: 
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Muxlmum  Desirable  Interior  Air  Tenperature  _____  ^ 

Maximum  Probable  Outside  Air  Temperature  **y 

AT  ■  Maximum  Xnoraasa  Desirable  in  Temperature  _______ 

note:  1  Btu  will  raise  temperature  of  $0  eu.  ft  of  air  F. 
Required  otm  Air  • 

(o)  Filter  twit  £«laOtSui  (Zleotrio)  (Ganoliney« 

Dimensions t 

largest  Component:  in.  x  in.  x  in. .  Veiigit, 

1&. 

Overall,  in  Vae:  in.  x  in.  x  in.»  Weight, 

_ lb. 

Storage  Requirements:  Fuel  nal.  Oil  lb. 

(if  ARCH'S  with  gasoline  engine,  uae  values  for  l»l/2«kv 
fsnarater  sx>tor.) 

Spars  Filters,  Diasnslons  _____  «  ____  *  . 

e.  ftitrsnoe  Configuration: 

Requlrsd  to  FOra  an  Air  Look  (no), 

fearganay  Flllad  TWbe  Ixlt  fno). 

Radiation  Daoontaainatien  in  (air  look)  (heriiental  antry)  (none). 
Vertical  Personnel  Entry  (dimension  of  largest  item  for  passage) 
a//A  X  _________  X  ~ 

Vertical  Shaft  (dlanneion  of  largest  item  for  passage) 

X  .  X  _ 

Horisental  Passage  (diawneion(s))  /#  ff.iuJ,* 


Blast  CloGurcB* 


1514 


Walk-Thro’a«h  Door  (lilmenslono) 

Double  Walk-Thro'iGb  Door  (dlsier''»lon6) 
Drawbridge  Door  (dimftnclono)  _________  x  ___ 

Water  Supply: 

Storage  Rei^ulrementB : 


Ho.  of  Ken  x  No.  of  days 

Pluj  Nonaaargency  Storage 
Trtal 

Ntiaber  of  5**»1  Caoa  . 

Otfcer  Storage  Means 
Sanitary  Utilities: 


X  Rate  per  day 
‘(1)  gal  -  _ sal 


gal 


gal 


Selection  of  Type  Latrine 
t.  laergeney  tquipaent  (check): 

Food  Storage  Requireaent  (Table  IX ):  Typo  Rstlon; 

No.  of  Peraornel  x  No.  of  days  •  Ho.  of  Rations. 

No.  of  Rations  _______  x  _____  5u.  ft/pcr  ret  Ion  •  eu.  ft. 

Wrecking  and  £. trenching  Iqulpoent:  Types  A» /A 

eJoiut-es ^  ^  A.  /yiri-f.  shaue^k .  -iwo 

Coo&ur.lcation  Equlpewnt:  rypes  _ _ _ 


Rediac  laatrxB-nts  _£^a, _ _ fiLtceJ.  4.lrH%hs^ 

Disposable  Clothing,  Type,  Anounts  _ 

Decontamination  Iqulpment,  Type 
Contaminated  Clothing  Disposal  Bins  (no). 


t  ^ 


ff9WSbl3BSBdnfi»A>. 


-5  ;  , 


,',-2  -  ‘ 

.<  ‘ .  ir' 


■.**r  ':ig’TF 

1 
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TUb*  tor  Surface  Badlatlon  )teasuii*eaenta  ifutT’(oo), 

Qaatlfht  Seal  for  Backup  of  Sutraaoe  (yee)  0^^ 

Crew  Served  Weapons  in  Struetui<e,  Iftrpe  Afee/fe 
Battdry-PowereA  Llgbta,  Portable  Radios  la  Structure,  ^^ypee 
and  Aaounts  ^  psw/oeJ  h  jViit  . 

f.  Total  Storese  Raqulraaents; 

PmI  and  Oil)  Ctt.  ft  or  Bin  Site  i>j«na  . 

Water  and  fbod:  Cu.  ft  or  Bin  81(«(s)  Mawa. 

IkMrtsaey  Bqulpaent)  Cu.  ft  or  Bis  Bite  ^ 

h.  final  floor  Area  (volUBe):  floor  Area  As  Prerteusly  Detertilned 
iaendsd  for  BquipMnt  ant  Materiel  Spaee  Oecupaney. 

Beale  Strueture  Only*  i  AeO  so.  ft. 

Veltas  ef  Btrusture  As  frarloualy  Beteralnsd  Oeendsd  for  Bqulp- 


■sat  anl  Msterlsl  fpaoe  Oeeupaney  seat-  *  C«u.4»ir  eu.  ft. 
a.  Btrueturs  (Table  X): 

a.  Basic  Structure) 

^  a.>rt^^a.Wl  . 

Wldtii  (i«dlw):  _ tS"  ft 

Lsnfth:  JTL  Ci. . 

floor  Area  /3*rt  o  sq.  ft, 

Approxiaate  feluas  /  y,  eu.  ft. 

foundation  Bievatlon  below  Orovatd  S’jrfaes  jo  -S-  ."t. 

Minimus  fartb  Cover  _______  .A**  ib)  ft. 

b.  Aitrance  Configuration: 


f  ( ^'fS  >  -iif,  -37, 
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K'.  . .  j' 

9ZHiUXi,irJ<XM' 


Materials  of  Conatruetlon 


Dlfflenalona  aM  Conatruetlon  of  Components-.  trerfieaJ  4»A«  4*  nw'»a»n4aj 


Vertleal  from  Surface 


Air  Lock 


>«•- _ Floor 


bid  Vails 


Second  Vertleal  h/mnt. 
Borliontal  Bitranoe  Passa^ 
Floor  Eu-f4i  I 
dastlght  Partition _ >ji 


iresney  Ixlt 


ALeovts: 


LatFlne  -  Diaenslons  tuaKg-  Partition 


Floor 


Structure  Type 


tad  Udll 


Air  Filter  (plus  fenerator)  Dimensions  lsl>.e  Jartitler 


Floor 


Structure  Type 


WoA  WaU 


Oenerator  -  DlBenslona  Partition 


Floor 


Structure  Type 


Bad  WaU 


Special  •  Dimensions  hJ _StriMture  Type 


Partition 


Floor 


Cad  Wall 


d.  End  Walls: 


Materials  of  Construction  -ffs^Wr  imnCa,  UtTnAllki,,?d*£» 
Sketch  Final  Structure  Orientation  vitb  Alcoves ,  Batrannes , 
and  End  WaUs. 

Blast  Closures  and  Frames: 


Closure  Type 


Dimensions 
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Praae  Type  _  --  0»nt-vfc4c. _ _ 

Dlaeuelone  ^ 

f.  Door  Trane*  3nppcrtln,s  Toiiodatlon: 

lyp*  Coy^^iveW.  _  4g^ _ 

Dlaenelone  n»Va._  K  .^c  . _ 

Sketohee  of  Cloeuroe,  Tnamn,  and  Touadntiene* 

g.  Floort 

type  In  Boele  Ptrueture  0 

Oinenaloae  of  Seetional  Wbod  floor  tjjlt. 

Sketch  Loeetloii  of  Storage  Blaa»  ead  with  Concrete  floor, 
the  Location  of  Bxpeaeten  Joint*  end  Scoring, 
b.  UtUltlec  Loentlon: 

Xaelud*  In  Sketch  Looctlonc  fbr  CtUltlcc,  totlhcek  Draft 
Yalrec,  lirgeney  Iqulpncnt,  and  the  Airflow  Arrow*. 
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